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OAK RIDGE NATIONAL IABORATORY

April 19, 1949
T0: Mr. C. N. Rucker

FROM: Mr. L. B. Emlet

SUBJECT: Report on Los Alamos Rala Meeting, April 13 and 1k, 1949

A series of three meetings were held on Wednesday and Thursday,
April 13 and 14, 1949, at Ios Alamos to discuss the future of the Rala
program. The various installations were represented by the following
persons:

C. N. Gross, H. M. Parker, W. M. Harty, B. Widenbaum,
L. Staepler, R. Smitser, John Carleton.

Hanford Engineer Works

Hanford AEC - - Don Sturgess.

John.Manley, E. Jette, Don Mueller, R. P. Hammond,

Los Alamos Leboratory
J. A. Ieary, D. P. McDougal, N. H. Smith, J. R.

ILilienthal..
Washington AEC - A, V. Peterson.
Oak Rldge AEC - H. M. Roth.,

mk Bidge Nat'l Ia.b. - Fo Lo CUJ.J.GI', JI‘., L. B' mle‘b.
The following items were discussed:

I. OVERALL RAIA REQUIREMENTS

The following Rala requirements were set up by A. V. Peterson and
agreed to by the Los Alamos people:

1. 4/25/49 to 6/30/49

Four - 2500-curie shipments at three-week intervals.

2. 7/1/%9 to 6/30/50

Ten - 2500-curie shipments. It 1s possible that In some cases
two of these shipments will need be combined to supply a
5000-curie source.

3. 7/1/50 for indefinite period

Eight - 10,000-curie shipments.

This dOCUmaRiesaSNNRIrHT BT ST RSO © Unitod
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o II. _STATUS OF RAIA PROGRAM AT HANFORD, 10S AIAMOS, AND ORNL

1. Messre. Gross and Ha.ﬁy reviewed the present status of the Rala .
Program at Hanford. The following points were mentioned:

a. Hanford completed a feasibility report early in January
on the construction of a new Rala production unit.
They estimated a total cost of $l,000,000 to install a
DPlant based on the present ORNL process: They believe
that this plant can be in operation by July, 1950, if
the project is given sufficient priority.

b. The AEC in a letter to General Electric expressed the
opinion that $4,000,000 was too high and suggested that
consideration be given to using the two pilot plant
cells in the end of the "I'" Canyon for a Rala production
facility. They further pointed out that only $750,000
had been budgeted for Rala production during 1950 and
suggested that the development and construction program
be held within this limit.

¢. "Hanford 1s at present studying the feasibility of using
the "P" -nyon and they expect to have & report, in-
cluding _stimated costs, time schedule, etc., completed
by late June, 1949.

(9 d. Hanford is basing their process on the current obsolete
ORNL procedure. They plan to use a 26" cemtrifuge for
the initial Ba-Pb sulphate separation. All equipment
will be designed for remote control maintenance. A
minimum of development work is planned in an attempt
to increase the purity and the yield.of the process.

©. Mr.-Gross stated that, although the report is not complete
on the use of the existing cells in the "r" Canyon, they
were of the opinion that neither the time schedule nor
the money limitation would be met if the acid purification
step (fuming HNO3 and ether-HC1l steps in the glassware)
wore-included In the Hanford operation. He suggested
that this step be combined with the Ios Alamos IallO

separation step.

2., Mr. Hoammond and later Dr. Jette reviewed the status of the Rala
program at Ios Alamos.

a. A new Iall‘o separation unilt is being constructed at ILos
Alamos. It should be completed and ready for operation
some time after Februwary, 1950. At that time they will
wvant to gradually Increase the size of the batches pro-
cessed from 2,500 to 10,000 curies. They expect the new
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8.

Continued

equipment to be more tolerant of inactive dontaminants
(Fe, N1, Cr, Pb, etc.).

The greatest difficulty in present Ralas shipments appears
to be the organic and metallic contaminants. The last
shipment (Run 31) did not show any evidence of the organic
contaminantsg but there were relatively large amounts of
iron present. It is believed that 1f a NaOH purification
step is Incorporated with the present acid purification
that most of the interfering contaminants will be removed.

Mr. Hammond and Dr. Jette stated that they did not believe
it possible to transfer the acid purification step to

Los Alamos without drastically changing the design of
their new facilitles and adding a liguid waste disposal
problem.

Messrs. F. L. Culler, Jr., and L. B. Emlet reviewed the Rala
program at ORNL using the recent report as a guide (CF #49-4-38;
Rala Process Study - - Preliminary Report No. l, F. L. Culler,

et als, to L. B. Emlet; h/6/u9)

8.

i
1
1
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The Rala production unit 1s one of the major contributors
to the Iaboratory particle problem and, therefore,
immediaste process modifications are required. It is also
planned to alter the Ba-Pb sulfate separation step and
attempt to develope an improved purification method to
insure a better quality product. A cost of $127,000
(exclusive of overhead) is estimated for these modifi-
cations. These changes do not provide for increased
batch sizes, but will make the production of 2500-curie
batches more reliable. The Iaboratory masnagement is of
the opinion that this work must proceed at once so long
as ORNL is expected to continue producing 2500-curie batches.

It was proposed that the AEC approve a more drastic
modification of the ORNIL Rala facilities to provide for
10,000-curie batches. This would entall eight to fourteen
mont.hs ‘elapsed time and an expenditure of $394,000(exclusive
of overhead).

In conjunction with the above it was suggested that work
start immsdiately on the development of a new process.
This new process should be aimed at providing the design
of ‘s permanent Bal'O geparation unit at the site of the
Hi-flux reactor or at Hanford.

The ORNL group further suggested that Rala constructlon
work at Hanford be curtailed until a better process,
expected to result from the proposed development work,
was avallable.




5.
III. PROIUCT SPECIFICATIONS

Mr. Hammond of los Alamos admitted that although.product specifications
had been written, very few,. if any, shipments had ever been within these
specifications yet some of the shipments had ylelded a satisfactory Ialko

. source. In short, the existing specifications do not mean anything. Accurate

specificatlions and e method of determining the contaminants is .a phase of the
development work. Los Alamos agreed that their new processing equipment
could stand a scale up of inactive contaminants with an increase in the BalltO
batch size. It was suggested that until better specifications are available
that the following be used where possible: : :

2200-curie Batch 10, 000-curie Batch
Inactive LeaG.eesscecessss .LO88 than 50 mZ.ceveeceeaoees.L088 than 225 mg,
Inactive IroNiceececscceceo @88 than 10 MBecesoescoossco L6088 than 45 mg.
Inactive Chromium...cccoe0.1088 than 5 MBeceeceoessoes.s.LO88 than 25 mg.
Inactive Strontimm..cesess.Le88 than 50 MBecoeeaceoseos..L088 than 225 mg.,
Inactive Nickel.cceseecessolOB88 than 5 MZeceeseecsscssss.LO88 than 25 mg.
Inactive Barium..cceeceoeslo88 than 1300 Mesecceossoso.L088 than 6 gm.

Mr. Mueller listed the quantity of radiocactive contaminants that could be
tolerated in the completed Ial'0 gource. This Ial%0 gource is supplied by
the ILos Alamos process; therefore, the quantity of contaminants in the material
as it leaves Oak Ridge (or Hanford) can be considerably greater than those
listed below. Los Alamos will supply the maximum radiocactive contaminants

for the Bal%0 product.

, : 10,000 to
7% - Fadloactive Contaminants: 0-10d :10-100d: 100-1,000d: 1000-10,000d: 100,0004
Curies of Contaminants : 100 C.: 0.0l : 0.001 : 0.0001 : <0.0001
.Ce# Pr - T‘%‘ = 1/5 of above
Ru / Fh - TS = 1/5 of above
Sr - Y -T5= 1/30 of above
Pu- - 4/10,000 of above.

The above'figures were arrived at by calculation assuming each test site
18 used every six weeks and that only 1/6 of the above contaminants are
deposited in the testing area. -

IV. RESULrS OF MEETING

1., A. V. Peterson requested that ORNL submit to the Cak Ridge AEC
as soon as possible (tentatively by 4/25/49) a detailed proposal
for modifying the existing equipment to produce 10,000-curie
batches. This proposal should indicate what portion of the
total cost is included in the present Iaboratory budget and how
much. additional money will be required.

2. This same letter to the AEC, 1f possible, should include the ORNL
proposal for a development program on & new process. Time
schedules, Interfering programs, manpower redquirements, etc.,
ghould be mentioned.
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6.

Hanford was requested to study the feasibility of exposing U235
foil in the "W" piles.

Los Alamos was regquested to investigate the separation of Balho
from irradiated U235 foil and the decontamination of the U235
for recovery. (A decontamination factor of 109 to 1010 vas
believed t0-be necessary.)

ORNL agreed to study the inert and radioactive contaminants of
the present product.

=% 5 A7

L. B. Emlet
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Rala Design File February 1, 1950

F. L, Culler

Conference On Rala Progress

Steahly, Swartout, Davis, Bruce, Eister, Unger, Culler, Emlet, Witkowski.

A meeting to discuss the results of the recent high level Rala resin column
run and to discuss future program was held on January 27, 1950, The following
summarizes important points of the discussions

1.

2o

30

bo

56

Members of the Chemical Development Section expressed confidence in the
resin column process for barium purification as a result of the two high
level runs just concluded. Resin stability has been demonstrated at
high level of radiation and the general operability of the acid-citrate
and the one column Versene process. No additional runs will be required
in the resin cubicle unless data collected during the high level runs
reveal previously unknown problems. If this is the case, another run
should be made with regular Rala production material at as high an
activity level as possible., Los Alamos, of course, must agree to this
test.

Unger, Higgins, and Blanco will concentrate on the preparation of a
report for Rela in the coming two weeks. In addition to a major report,
a supplementary letter to be transmitted to the ARG outlining results of
Rala process development and the construction program at CRNL.

Emlet said that at the present time no definite schedule had been
established for Bldg. 706-D alterations. However, an attempt will be
made to finish the design so that construction may start some time around
June 1, 1950,

A construction request is necessary to provide money for the design of
the Rala facilities. The develcpment budget for fiscal year 1949 has
already been overrun., Emlet indicated that the Atomic Energy Commission
is waiting for the construction request.

Plant design will proceed on the basis of the installation of a crud
filter, of a process filter, the one column Versene proness in which
metathesis is still necessary, Handling and loading facilities for the
new Los Alamog carrier will be designed and installed. Design work will
now proceed with the utmost haste with less attention being given to
assistance in the develcpment program.

Floyd L. Culler
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The Acetate-Citrate Process for recovery and purification of Ba

by ion exchange is being pilot planted in the semi-works at present.

Development work is under way to improve this process by the use the

aqueous soluble chelation agent "Versene" (ethylene diamine tetra

acetic acid) instead of the aceté:be. The Versene Acetate process would

proceed as follows:

(1) Dissolve the berium - lead sulfate in versene and adjust the

pH to 6.5 to 7.0. This reaction proceeds very easily and is

quantitative.

(2) Pass Anto Dowex 50 resin column where barium is adsorbed while

The _.bu}k of the cations and all of the sulfate pass through.

(3) Solan :j;vely elute remainder of cationic impurities and elute

éi.b ae 0 4196/

esent process.
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Consideration of the equilibrium data shows that the strength of the
"Versene" complexes decrease with pH and that in the range pE 6.5%7.0 the
percent barium complexed is low while the strontium and especially the lead
are still complexed to a higher degree. Empirical experiments show that
;'élO-3 moles of "Versene® is the minimum amount necessary to dissolve 1 gm
of lead and 10 mg of barium é.s the sulfates, and 10 mg each of irom, nickel,
and chromium (1/100 Rela scale) at a pH of 6.5 in 60 ml of solution.

Under these conditions up to 60% of the barium can be adsorbed on 20 ml
of Dowex 50 resin. IRC-50 resin was found to be no better. By increasing the
amount of resin it is expected that all the barium can be adsorbed.

Two proceedures are being considered for the separation of barium from '
the uranium dissolver solution to replace the lead sulfate precipitation. The
uranium can be complexed at pH 6.0-7.0 with "Versene" so that it may be possible

to separate the barium from the uranium by ion exchange using IRC-50 resin thus

maeking use of the prefereri‘bial gselectivity of this resin for the alkaline

earths. A 78T complexing agent might be bi-carbonate at higher

pH's as the capacity and selectivity of IRC 50 for alkaline earths has been

gshown to increase with pﬂ;ﬁm‘n @onsideration of the equilibria show that "

the Ks.p of barium carbonate may not be exceeded under these conditions,h( :;:‘:” ’ '
exact solubility will be determined. "Verseme" might possibly be used to
complex and dissolve the uranium in the Hanford waste tamks at a pH of

approximately 7. The "Versenme" could easily recovered for recycle by

acidifying and filtering off the precipitated "Versene".

%on

L
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Discussion:

I. Investigation of Versene in the Rala Process

A. Dissolution of Barium and Lead Sulfate
"Versene" (ethylene diamine tetra acetic acid) is a strong
complexing (chelation) agent. The complexes an& so strong that such compounds
ag barium and lead sulfate are easily dissolved. Consideration of the equilibria
in this system by means of the equilibrium constants listed by Schwarzenbach in

Heﬁ)«Chemica Acta 30, 1798 (1947) and 21, 1029, (1948) leads to the following

2 Topy-2]
Bat2 ] JHpy 2y  tacky Keckp

vhere Y “2 is the versene anion. Thus the amount of free Ba can be calculated

equation:

for any pH and versene concentration. It is Pound that at a pH of 6.5 to 7,
the % Ba complexed is low while the Sr and expecially the Fb are still in the
complex form. If the equilibrium constants for Pb were known it would be

possible to calculate the minimum amount of Versene needed to dissolve barium and

' lead sulfate at pH 6.5 from the Pact that the amount of free barium should not

exceed the Ks.p of BaSOh.
7 74 -3

Empirical experiments in the laboratory have shown that @€ to 10.6x10
moles of Versene is the minimum amount necessary to dissolve 1 gm lead and 10 mg
barium as the sulfates, and 10 mg each of iron, chromium, nickel (l/lOO Rala
scale) at a pH of 6.5 in 50-60 ml of solution.

Feeds of this composition at pH's of 6.5 and 7.0 have been passed through
10 and 20 ml of Dowex 50 resin (sodium form) and 10 ml of IRC 50 resin (sodium
form, buffered to pH 6.8 with scdium acetate). Under these conditions it has
been found that up to 60% of the barium is adsorbed on the resin while all the
sulfate and the bulk of the other cations pass through the column. Larger

amounts of resin will tried in order to increase the barium yield. (See Table 1).
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The small amount of cations adsorbed with the barium can be selectively eluted
as in the acetate-citrate process to obtain pure barium.

B. Uranium Complexing Agent

It has been found that the mole ratio of Ut = approx. 1l in
‘Versene”

the soluble complex at a pH of 7.0 and that the molarity of W0, can be at
least as high as 0.27. This ratio decreases with PH. In the Rela process it
may prove advantageous to complex the uranivm in the dissolver solution with
Versene at a pH of 6.0 to 6.5 (where the barium is not complexed) and pass
through an IRC 50 or Dowex 50 resin columm. Recent determinations of barium
distribution coefficients have shown that at pH 6.0 the K exchange for Ba is
no higher for IRC-50 than for Dowex 50.

IT. Dissolution of Urarﬁﬁm in Hanford Waste By Versene at High pH.

A scouting experiment showed tl_na'b Versene might possibly be used

to complex and dissolve the uranium in the Hanford waste tanks at a pH of 6-7.
Three 10 ml sample of synthetic Hanford waste (slurry + supernate) were diluted
to approx. 500 ml, made 0.06M in versene, and adjusted to pH's 6.0, 6.8, and 11.
The percent of U in solution was approx. 10% at pH 11 and the order of 50-90%
in the range 6.0-6.8. At pH 5 in 0.12M versene the % uranium in solution was
close to 100%. It was not determined whether the large delution (50X) was
necessary. |

The versene could be easily recovered for recycle by acidifying and filter-
ing out the precipitated "Versenic" acid at PH 1.0. Versene costs sbout 0.60/1b.
The above Pigures are on.’l.;l7 semi-qualitative as the accuracy in sampling the slurry
feed is low.

IITI. ZEquilibrium Considerations in Uping Bi Carbonate-Carbonate As a

Complexing Agent for Uranium in the Rala Process

Determination of barium distribution coefficients using IRC-50 have shown

that the barium distribution coefficient increases with PH and is approx. 35 times




higher at pH 9.0 than at pH 6.0. This is probably due to the formation of

a ring structure in the resin with di-valent cations at the higher pE. This
point will be discussed more fully next month when the complete distribution
results will be reported. It is evident that using bi-carbonate to complex
the uranium at a pH of 7.5 will make use of the most favorable barium
distributinn coefficients. Bersohn and Brady in MonC-109 report that a 0.4M
bi-carbonate solution will complex uranium to the extent of 0.2 mole/liter
i.e. 0.2M at pH T.4. The molarity of barium in dissolver solution of this
concentration is 2.53xlo-5M. Barium bi carbonate is soluble but the Kx.p of
IB:a.CO3 is 8.1x10'9 in HQO. Therefore.the cog in equilibrium with 0.4 M
bi carbonate at pH 7.8 must be determined to see if the barium will remain
in solution. The equilibrium concentration of carbonate under these conditions

wag calculated to be h.5lx10-’+

M while the maximum acceptable concentration
L

calculated from the Ks.p would be 3.2x10 . However, in the uranyl solution

the solubility of barium carbonate would be expected to be somewhat higher.

The solubility of barium carbonate under these conditions will be determined

by radio chemical technique.

o
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The Extraction, Concentration, and Decontamination of Balho from Uranyl Nitrate
Decontamination of Bal%*0 from Uranyl Nitrate Solutions by an Adsorption Process.

February 1, 1945

Period: Dec. 1, 1944 to Jan. 15, 1945
Report prepared by J. Schubert

An all adsorption process has been developed for the extraction, concentration
and decontamination of Balho from active uranyl nitrate solutions, and its chemical

feasibility has been demonstrated on a laboratory scale. In a series of six flow-

sheet test experiments consisting of an extraction cycle followed by two concentration

decontaminating cycles an average over-all yield for Balho of 87% was obtained.
This recovery was accompanied by a 200 fold total volume reduction and a totel gamme,
decontamination of 200. The basic principlies of this separations procedure are
shown to be: (a) the selective ion exchange adsorption of barium by one of the
new resinous yeolites (amberlite IT-1) followed by (b) the selective desorption
and re-adsorption of Ba caused by its complex ion formation in ammonium citrate-
citric acid solutions. In general the procedure operates as follows:

l. Adsorption of Balho on the ion exchange resin from an active 10% UNH
solution, allowing the weaker adsorbing uranyl ion to exceed the capacity of
the resin.

2. Eluting the uranium adsorbed on the resin with 0.25M HyS0), by sulfate
complex formation.

3. Elution of the Barium with 5% citric acid at pH 6.

4. Dilution of the 5% citric acid to 0.5% and adjust pH to 2.5 with Hcl.
Feed to a ten fold smaller resin column than used in step #1 with re-adsorption
of the Ba.

5. Add 5% citric acid at pH 3 to complex and desorb the rare earth activities

leaving the Ba adsorbed.

6. Desorb the Ba with 5% citric acid at pH 6.

7. Repeat steps 4 and 5 using a ten fold smaller resin column and eluting




the final Ba

140

product with 6N HEl instead of 5% citric acid at pH 6.
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SUMMARY

An ion exiﬁgnge process is being developed for the purification and
recovery of Ba . This procedure would follow the electrolysis step in
the present flowsheet and replace the e@ther-Aydrochloride separation.

The advantages of an lon exchange process are (1) ease of remote control,
(2) higher yield and purity of product.
U a0

A survey of available analyses shows that,solution after electrolysis
can be expected to contain the following maximum amounts of impurities
in addition to 1 gm of Ba/2000 curies

Pb - 1000 mg
Fe ~ 1000 nmg
Sr - 100 mg

Cr - 223 mg )
Ni -~ 166 mg )

The product specifications as stated in the manusl of operations for
the maximum emounts of impurities allow%5/2000 curies are as follows:

Estimated reletive to amount of Fe present.

Pb - 50 ng
Fe ~ 10 mg
Sr - 50 ng
Cr - 5 ng
Ni - 5 mg

20
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Dowex 50 resin has been chosen because of its high stability. The
distribution coefficients, Kd, for these 6 cations have been determined
between Dowex 50 and 0.5 M citric acid (ph's 1.7, 3.0, and 7.8), 0.k M
oxalic acid (ph's 0.78, 3.0, and 7.8), and 1.0 M ammonium acetate ph §.0.
Oxalic acid will not be investigated further at present as the solubility
of the oxalate complexes (with the exception of Fe and Cr) was found to
be too low. The analytical results are not availeble Por the acetate
system. However, qualitative colum runs show that ammonium acetate is
effective for lead elution. The distribution coefficients in the citric
acid system in the pH range 3.0 to 7.6 indicate the possibility of
selectively eluting the contaminants with a small loss of Ba. The Ba
would then be eluted with a small volume of hydrochloric acid.
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Discussion
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BEstimetion of Starting Solution

The Ba (NO3)3 solution after electrolysis was analyzed for Fe over
a series of 15 runs. The average total amount of iron was 234 mg with
one batch containing 360 mg and a second one containing 880 mg. Over a
series of 43 samples the averege amount of Pb was found to be 189 mg with
8 batches over 400 mg and 1 as high as 1 gm. One gm each of Fe and Pb
has been selected as the maximum amounts that will be encountered. A
survey of the fate of 5r89 in the process is given in MonN-134 (CE-R).
This report showed that 10% of the total amount of Sr present at the start
was removed by the ether hydrochloride step and that 0.4% remains in the
product. Spectrographic analysis of a series of 10 rums showed an average
of 1.6 mg of Sr in the product and a maximum of 4 mg. On this basis it
is agsumed that ca. 100 mg of Sr will be present in the solution after
electrolyses. The amounts of Cr and Ni are estimated to be 223 mg and

166 mg based on the amount of Fe present and their ratios in stainless steel.

Investigation of Complexing Agents

The distribution coefficients for these cations were determined by
saturating 5 ml of Dowex 50 resin with a cation and shaking this resin
for 2 hours with 0.5 M citric and 0.4t M ozalic ecids at reagent ph, ph 3,
and ph 7.6, and with 1.0 M ammonium acetate at ph 6 (see Table 7#1). The
results show that with the exception of Fe and Cr the oxalate complexes
have too low a solubility. As precipitation in a resin column is to be

avoided no further investigation of oxalate elution will be made at present.
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In general one can assume that the distribution coefficlent, Kd, =
No. of columns volumes at which the peak of the cation elution curve
appears. Also, for a system in equilibrium, zbout 1/2 of the material
is removed before the peak In a symmetrical curve. The Kd's listed in
Table #1 for the citric acid systems at ph 3 and 7.6 indicate the possi-
bility of selectively eluting the contaminants with a small loss of Ba.
The Ba would then be eluted with a small volume of hydrochloric acid.

The analyses are not available for the ammonium acetate systemn.
However, qualitative results show that Pb is removed by ammonium acetate

elution.

a3



Table #1

Distribution Coefficients of Ba;ho and Contaminants

between Dowex 50 and Possible Eluting Agents

Conditions: 5 ml of resin, previously saturated with a

cation, was shaken for 2 hours with 25 ml
of eluting agent.

Ka = Distribution _ g of cation/ml resin
Coefficient mg of cation/ ml solution
ppt. indicates a precipitate formed in the solution
Eluting Agent
Cation 0.5 M 0.5 M 0.4 M O.4 M 0.5 M O.lt M
Eluted Ammonium Citric Ammonium Oxalic Citric Oxzalic
Citrate Acid Oxalate Acid Acid Held
ph 7.6 ph 1.7 ph 7.8 ph 0.78 rh 3.0 ph 3.0
Ni 7.2 x 107° 147 pot. Dpt. 8.3 opt-
Sr ppt. 81.9 ppt. ppt. 15.7 ppt.
Fe 101 13.1 1.1 2.3 x 1072 2.0 2.0 x 10~
Cr 0.17 61 3.8 28 10 7.0
Ba ppt. 263 ppt. 266 24.8 ppt.
Pb ppt. Very ppt. ppte. rpt. ppt.

High
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SUMMARY

Two processes are under development for the improvement of Balho production
by use of an ion exchange procedure.

I Citrate - cetate-ﬁ%ocess ,

This processwould follow the present electrolysgs and evaporation step re-
placing the ether hydrochloride extraction gnd would effect the separation of Pb,
Fe and other lesser impurities from the Bal#0, The steps in this process are as
follows:

(1) Take the Ba(NO3)2 up in 0.5M citric acid and pass through a Dowex

50 resin column where the cations are adsorbed.

Flute with 0.5M ammonium citrate, pH 3, to remove Fe

Elute with ammonium acetate pH 6.0 to remove Bb, Cr, Sr, Ni
Elute the Ball0 in a small volume of 6N HCL.

(
(
(

2
3
L

(Summary continued on next page)
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A trial run using this procedure showed Dowex 50 resin to be unsuitable

because of its slow diffusion rate. As a result,the elutions to remove im-
purities were cut short because of time limitations. The results showed a
90% yield of Ba, and removal of the following percentages of impurities:

Po, 16%; Fe 82%; Cr, T7%; Ni 100%. Qualtitative rums using IR 105 resin
have shown it to have a much faster diffusion rate than Dowex 50. Future
runs will be mede with IR 105 resin and higher molarity of eluting agents.

II Alkaline Process

This process would replace both the electrolysis and ether extraction
steps in the present Rala process. The present electrolysis procedure while
adequate in theory, actually leaves up to 1 gm of FPb with the Balho. The
steps in the proposed ion exchange process are as follows:

(1) Add enough 0.5M NaOH to hold the Pb in solution as the plumbate
and pass through a Dowex 50 resin colummn. The Ba is adsorbed on
the resin while the plumbate anion passes through the column.

(2) Remove impurities by citrate and acetate elution as in process I.

(3) Elute Balho in a small volume of 6N HCl. A tracer run using this
procedure an l/lO the ionic Ba concentration of the present Rala
process has been made. 99.5% of the Pb was separated from the Ba.
Ba yield was ca. 67%; Ba material balance 85%. Operating time
approximately 6 hrs. Refinement of technique and use of IR 105
resin should improve these figures.

Discussion:
Two processes are under development for the improvement of Balho production

by use of lon exchange procedure.

I Citrate - Acetate Process

This proces would follow the present electrolysés step replacing the ether-

hydrochloride extraction and would effect the separation of Fb, Fe, Cr, Ni, and Sr
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from the Balho by means of selective elution with citric acid and amonium
acetate. The Ba;ho would then be eluted in 6N HCl. Distribution coefficients
for the 6 cations involved between Dowex 50 resin and citric acid and oxalic
acids were listed in the monthly report ending March 10, 1949. The distribution
coefficients in the ammonium acetate system are listed in Table I3/, The results
indicate that the following process should be practical.

eseaf
(1) In the £ e

process the Balho - HNO3 solution is evaporated to
dryness. This precipitate would be dissolved in 0.5M citric acid
and passed through the resin column where the cations are adsorbed.
Ammonium citrate (pH 3) would be desirable for this step but camnot
be used as Pb is insoluble at these concentrations at pH's higher
than about 1.8. Ammonium acetate (in which all the cations are
soluble) could be used but would not be so desirable since in this
system the Fe would be held higher on the resin column than the Ba.
(note its high D.C. in Table I-1).

(2) The Fe would be removed by selective elution with 0.5M citric acid,
PH 3, and the Pb, Cr, Ni, and Sr ’éﬁm ammonium acetate, pH 6.
pH 7.6 citric acid cannot be used for the separation as the quantities
of Fb, Ba and possibly Sr expected to be present in this system are
insoluble at this pH. As a result the citrates of these cations
precipitate in the resin columm thus reducing the flowrate considerably.
During further elution the ppt's redissolve but the channelling noted
during redissolution impairs clean separation of cations by selective
elution. The oxalates have been found to be very insoluble at all
PH's so that oxalate elution has not be considered.

k0 is then eluted in a small volume of 6N HCL.

(3) Ba
A triel run was made followiig the above procedure an a l/lO scale sas

compared to the 706-D process. The results listed in Table I-2 show that a 90%
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vield of Balho was obtained with inadequate separation of all impurities

except Ni. The reason for these poor results is the slow diffusion rate of
Dowex 50 resin. If an extremely slow flowrate could be used the resin-liquid
would be in equilibrium and the favorable distribution coefficients of this
system would be fully utilized. However, to effect this elution in a reasonable
time & moderately fast flowrate (1 to 2 cc/cm? min) must be used. The above
run was terminated before complete separation of the cations was effected as
the run time was already of the order of 60 hrs.

Subsequent qualitative runs with IR-105 have shown that Fe can be removed
Pagter from this resin than from Dowex 50 by a factor of 5 or more with 0.5M
citric acid due to its higher diffusion rate. A gquentitative run is planned
where in IR-105 resin will be used as well as eluting agents of higher molarity.
Both changes should result in shorter operating times.

ITI Alkaline Process

This process would replace both the electrolysis and ether extraction steps
in the present procedure by an ion exchange process. The present electrolysis

procedure while adequate in theory, actually leaves up to 1 gm of Pb with the
Ba;ho.

The proposed ion exchange substitute process follows:

(1) The Ba-Pb solution after the metathesis step would be dissolved

3

free Ne. This solution would be passed through an ion exchange

column previously activated with 1M NaOH where the Ba, Sr would be

in 0.5M NaOH essentially free from CO, under an atmosphere of CO_
=

adsorbed while the plumbate énd chromite anions would pass through.
(2) Wash the columm with a small volume of 0.3M HCl. This would dissolve

any BaCO3, Fe(OH)3, or Ni(OH)2 filtered out on top of the resin and

allow their adsorption on the resin. It is thought that the amount

of Fe, Cr, and Ni present during operations in the new equipment

8! cNTIAL
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will be small. The use of a centrifuge and precipitate washing will

April 6, 1949 A q

eliminate essentially all stainless steel impurities obtained during
dissolving while the metathesis container will be tantalum lined.

(3) A citrate-acetate selective elution step gimilar to process I would
remove the remaining impurities.

ko in a small volume of 6N HC1.

(4) Elute the Bal
A run was made to test this procedure using Dowex 50 resin. The results
listed in Table II-1 show a loss of 18% Ba in the alkaline Fb - Ba separation
step. The 13% Ba lost during NHLAC washing was unnecessary as no Pb was
removed so that the Ba yield can be considered to g; 67%. The Ba material
balance was 86f. 99.5% of the Fb was separated from the Ba. Refinements of
technique and the use of IR 105 resin will undoubtedly produce better results.
Table I-1

Distribution Coefficients of Fe, Pb, Ba, Sr, Cr, and Ni between Dowex

50 and 1M Ammonium Acetate

Distribution = mg cation/ml wet resin
Coefficient mg cation/ml solution

5 ml of resin saturated with cation were shaken for 2 hours with
25 ml of elutriant.

Po 1.3
Ni 2.4
Sr 6.5
Fe 21.2
Cr 0.22
Ba §.9
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Teble I-2

Run #1 - Citrate - Acetate Ion Exchange Process for Purification

of Baluo

Conditions:

Feed: 1/10 iamic scale of Bal*O process
- 100 ml 0.5M citric acig containing 100 mg each of

Ba, Fe, and Pb
10 mg Sr, 23 mg Cr, 16 mg Ni

Elutriants - 525 ml, pH 3 ammonium citrate ;0. 5M
315 ml, pH 6 ammonium acetate JooM
150 ml 6N HCL 7

Flowrate - Ca. 1 cc/cm?/min

Total time - Ca. 60 hrs.

Column -~ 105 cm x 6 mm - Dowex 50

60-80 mesh

Frocedure¥*
(1) Pass feed on column
(2) Elute with citrate followed by acetate
(3) Remove Bal'0 with 6N HCL

Results:
Ba yield = 90%

% Pb removed = 16%
% Fe ™ = 82%
% Cr " = 7%
% Ni = 100%

* Elutipg with citrate and acetate terminated before complete removal of
impurities due to long time involved.

At o1 THAL
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Table II-1

.

Separation of Ba;ho and Fb by Alkaline Ton Exchange Process

Conditions:

Feed: l/lO ionic scale of Ba.ll"O process
500 ml of 0.1M NaeOH
containipg 10 gms of Pb and 100 ng Ba
plus Bal%0 tracer

Column: 17 cm x 1.5 cm - Dowex 50 resin
60-80 mesh, activated with 0.1M NaOH
Elutriant: 150 ml 6N HC1

Flowrate: 1 cc/cm?/min.
Total Tome= Ca. 6 hrs.
Procedure:

(1) Pass feed through column
(2) Wash with 1 column volume H,0 followed

by 3 column volumes of 0.3M HNO
(3) Wash with 16 column volumes emmSnium acetate
(%) Elute Ba in 150 ml 6N HCL

Results:
99.5% - Pb removed from Ba.
18% - Ba lost in effluent
actual { 13% -* Ba lost in ammonium acetate

Ba 5% - Ba recovered in 6N HC1
Yield 85% - Ba material balance

# No Pb found in ammonium acetate wash.

e T A
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SUMMARY

An ion exchange process has been developed and a tentative flowsheet
is presented for the purification and recovery of Ba;ko subsequent to.the
metathesis step in the Rala process. The ion exchange process would replace
the electrolysis and ether hydrochloride steps now used. The advantages of
an ion exchange process are (1) ease of remote control, (2) higher yield and
purity of product. A major disadvantage is gas formation due to ionization of
HxO. Development work is underway to investigate the feasibility of up flow
in resin columns to minimfze operational troubles caused by gas formation.
Peroxide will be added to the solutions to simulate gas formation. Optimum

geometry of resin columm will also be studied.

The Balho product specifications per 2500 curie batch are as follows:
Pb - 50 mg Cr - 5 mg
Fe - 10 mg Ni - 5 mg
Sr - 50 mg

A survey of available enalyses (14 to 38 runs) from the present Rale

C = 2I3L

o R - e = e
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process shows that the Ba solution after electrolyses can be expected to
contain the following meximum amounts of impurities in addition to 1 gm. of

Ba/2500 curies.

Pb - 1000 mg Sr - 100 mg
Fe~ 1000 mg Cr - 223 mg Estimated relative
Ni - 166 mg to amount of Fe

present
The large amount of Pb present indicates the inadequecy of the electrolysis

procedure.

140
Alkali~ Citrate Process For Ba Purification in the Rala process by Ion

Exchange

Step (1) After metathesis make the Ba-Fb nitrate solution 0.5M in co§
free NaOH. Filter or centrifuge to remove Fe(OH)B, Ni(OH)g, and any dissolver
crud. Step (2) pass the filtrate through a Dowex 50 resin columm (epprox. 1
liter of resin) previously activated with 0.6M NaOH where the Ba and Sr would
be adsorbed while the plumbate and chromite anions pass through Step (3)

After washing the resin with 0.5M NaOH followed by HQO, the Sr and any trace
of Pb remaining would be selectively eluted with 0.5M sodium citrate, pE 7.8.
(4) Elute the Ba in 6N HCL (see flowsheet Fig. I)

Trial runs on l/lOO the scale of the Rala process for the separation of
Pb and Ba by the above alkeli process show yields of the order of 99 for Ba
which contain less than 0.1% of the Pb. The separation of Ba and Sr is reported
in the literature. Runs are in progress which are designed to verify and

evaeluate this separation under the above process conditioms.

An glternate ion exchange process, the Citrate-Acetate Process would

start efter the electrolyses step. This procedure would be less desirable
from both an efficiency and ease of operation standpoints than the alkali-
citrate process which eliminates the elgtrolyses procedure. The relative

distribution coefficients for Ba, Pb, Sr, Ni, Cr, and Fe between Dowex 50

Vg e
e, T
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resin and emmonium acetate, pH 6.0; oxalic acid PH's 0.78, 3.0, 7.8; and
citric acid at pH's 1.7 3.0, and 7.8 have been determined. A number of
scouting runs have been made in order to actually test the relative effective.
ness of these eluting agents for removing these cations from Dowex 50 and
IR 105 resins. Any apprecisble gquantities of Pb cavse difficulties as a resu’
of its low solubility in citrate solutions between PH's of 1.8 and 9.0.

Citrate - Acetate Process for Purification of Balho in the Ralea process
by Ton Exchange

At present the solution is eveporated to dryness after the electrolysis

step.

Step (1) Dissolve Precipitate in 0.5M ammonium acetate and pass througt.

resin column where all cations sre adsorbed.

(2) Remove most of the lead by selective elution with ammonium acetate.

(3) Remove Fe, Cr, Ni, Sr and the balance of the Fb by selective elution

with ammonium citrate, PH 3.
(4) Elute Ba in 6N HCL.
A trial run using this procedure was not too successful in that too much

citric acid was used resulting in the elution of the Be with the other ions.

The exact elution curves will be determiined for this system to remedy this

condition.
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Lxperimental

R e
I Determination of Impurities Present after Electrolysis in Hgi Ra-l.a. Process

solution after electrolysis was analyzed for Fe over a
mg with one

Over a series

The Ba(NO
( 3)3
The average total amount of iron was 23k

series of 15 rums.
batch containing 360 mg and a second one containing 880 mg.
of 43 samples the average amount of Pb was found to be 189 mg with 8 batches
One gm each of Fe and Pb has been selected
A survey of the fate of Sr89

over 400 mg and 1 as high as 1 gm.
as the maximum amounts that will be encountered.
This report showed that 10% of

in the process is given in MonN-134 (CE-R).
the total amount of Sr present at the start was removed by the ether hydrochlorid
step and that 0.4% remains in the product. Spectrographic analysis of a series
of 10 runs showed an average of 1.6 mg of Sr in the product and a meximum of 4
mg. On this basis it is assumed that ca. 100 mg of Sr will be present in the
solution after electrolysis. The amounts of Cr and Ni are estimated to be 223

mg and 166 mg based on the amount of Fe present and their ratios in stainless

steel.
ITI Investigetion of Complexing Agents
The distribution coefficients for these cations were determined by saturating
5 ml of Dowex 50 resin with a cation and shaking this resin for 2 hours with
0.5 M citric and O.h@ oxalic acids at reagent pH, pH 3, and pH 7.6, and with
1.0 M ammonium acetate at pH 6 (see Table #1). The results show that with

the exception of Fe end Cr the oxalate complexes have too low a solubility.

As precipitation in a resin column is to be avoided,no further investigation

ko

of straight oxalate elution will be made at present.
7.0 have been tried in an effort to decrease the Fe distribution coefficient

Mixtures of oxelate and citrate at pH 9.0 and oxalate and acetate at pH

at these high pH's thus allowing the use of single elution agent for Ba
The solubllity of Ba and Pb was found to be too low in the acetate

purification.
Their solubilities in the citrate oxalate system (pH 9.0) are

exalate system.




higher so that this system will be investigated further. (See table #_IZ:
for solubilities of Pb and Ba in these system).

140
IIT Alkali - Citrate Process for Ba Purification

This process would replace both the electrolysis and ether extraction
steps in the present Ra-La process by an ion exchange process. The present
electrolysis procedure while adequate in theory actually leaves up to a gram
of Pb with the Ba;ho. The ion exchange process wmuld leave less that 50 mg
of Pb with the Be and at the same time effect the separestion of Sr from the
Balho.

The proposed ion exchange process follows:

(1) The Ba-Pb nitrate solution after metathesis would be made 0.5M in
NaOH (co; free) under an atmosphere of N2 to exclude 002, and filtered or
centrifuged to remove Fe(OH)3, Ni(OH)e, and any dissolver crud present.

(2) The filtrate would be passed through a small Dowex 50 resin column
previously activated with 0.6M NaOH vhere the Ba and Sr would be adsorbed
while the plumbate and chromite anions would pass through.

(3) After washing the resin with 0.5M NaOH followed by weter the Sr and
any traces of Pb remaining would be selectively eluted with 0.5M sodium
citrate pH 7.8.

() Elute the Ba in 6N HCl. (See flowsheet Fig. I).

Several runs have been made to test the efficiency of the separation
of Fb and Ba by this method using both Dowex 50 and IR 105 resins. The
Dowex 50 has proved to be far superior for use in an alkaline system in
that it does not decompose or swell and the amount of Pb retained is less
than 8%gi§. IR 100 decomposes (color throw) slightly in 0.5M NaOH, swells
about 30%, and retains up to 80% of the Pb. These bad features of IR 105
are all a result of the presence of phenol groups in this resin in addition

to the sulfonate groups. Presumably & chelate band is formed between the

3



ionized phenol and si;;anate groups to complex and thus hold the Pb. The
replusion between the ionized phenol and sulfenate groups causes the swelling
of the resin particles.

The results of the alkaline break through runs are shown in Table 3.
The Ba yield approximates 9% when using either resin and contaiﬁzless than
ééggé of the starting amount of Pb in the Dowex 50 rums. This would amount
to less than 10¥mg of Tb on the full Ralae scale where the specifications
allow as much as 50 mg.

Runs are in progress which will provide data on the separation of Sr
and Ba in this process by elution with sodium citrate (pE 7.8) in a menner
similar to that used by T. R. Tompkins J. A. Cs 70. 3520, 1948. TUsing this
informtion as a guide it will be possible to determine the'exact amount of
citrate needed to remove Sr and any traces of FB remaining, and leave the
Ba on the resin for removel with 6N HCl. Thus the situation illustrated
by Run Ba-6 in table 3 will be avoided where too much citrate was used
resulting in the elution of the Ba in the citrate instead of the HC1.

IV Citrate-Acetate Process for Balho Purification

Some work 1s being cerried on to develop an ion exchenge process for
Ba}ho purification which would follow the present electrolysis step and replace
the ether-hydrochloride extraction. The major difficulty encountered in this
jon exchange procedure is the large amount of b (1 em, see section I) present
due to its limited solubility in the most desirable eluting agent, »e citric
acid, especielly at the low pH's necessary to remove Fe. Thus the Fb citrate
will precipitate in the resin column unless the column is made large enough so
that the Pb concentration is small. TUnder these conditions it would be
necegsary to have a ond column for volume reduction. A secgnd alternative is
the use of less desireble eluting agent, ammonium acetate,/;iich all the iomns
are very soluble. As a result of these difficulties major effort has been

placed on the relatively simple alkali-citrate process (section III) where

by the Pp is easily and completely seperated from +he Ba at the same time

.
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eliminating the ele

A number of scouting runs are listed in tables 4 and 5 showing the
relative effectiveness of ammonium acetate and citric acids for removel of
Ba, Fe, and Pb from Dowex 50 and IR 105 resins. It is seen that for equal
conditions (volumes of elutrients, resin etc.) that the ions are removed
more quickly from IR 105 resin as a result of its lower exchange capacity
and conseguent lower no. of plates and its faster diffusion rate. (See runs
IR 3 and Ba2) Fe is not eluted by ammonium acetate et pH 3 or pH 6. 2M
NH),C1 elutes Ba almost as effectively as 2M NHhAc showing the Ba acetate
complex to be relatively week (see Runs IR 3 and IR 9). Runs IR 10 and Fig.
IT illustrate the separation of Pp end Ba obtained by elution with 1M NHM
acetate i.e. 98% of the Ba contained 22% of the Pb.

Utilizing this data a citrate - acetate process for Balho purification

would proceed as follows:

38
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(1) In the present Rala process the Ba - HNO_ solution is evaporated

3
to dryness. This precipitate would be dissolved in Q..5M NH&AC and passed

through & resin column in the ammonium form where the cations are adsorbed.
Ammonium citrate (pH 3) woulé‘be desirable for this step but cammot be used
as Pb is insoluble at these concentrations at pH's higher than 1.8 and less
than 9.0.

(2) Remove most of the Pb by selective elution with NHhAc.

(3) Selectively remove Fe, Cr, Ni, Sr and the balance of the Pb with
ammonium citrate, pH 3.

(4) Elute Ba in 6N HC1.

A trial run was maede in TR 105 resin following the above procedure on

a 1/100 scale as compared to the Ra-La process (See table 6). The results

showed that 50% of the Fe came thru in the 0.5 NHhAc effluent from step

s AL
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1, the 2.0M NHAc wash contained 33% of the FPb, end that too much 1.0M
ammonium citrate, pH 3, wash was used,as it contained, in addition to 224

the Fe and 62% of the Pb, 104%: of the Ba. (Ba Material balance = 105%) a

detailed study of the elution curves of Fe, Pb, Sr, ard Ba in armonium

citrate pH 3 will provide the jnformation to obtain the separetion of these

contaminents from Ba.
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Digtribution Coefficients of Ba

(o | A

Teble #1

10

end Contaminents between

Dowex 50 and Possible Eluting Agents

5 ml of resin, previously saturated with a cation, was
shaken for 2 hours with 25 ml of eluting agent.

Conditions:
Distribution
Kd = Coefficient =

me of ca‘bion/ml resin

me of cation/ml solution

ppt. indicates a precipitate formed in the solution

Distribution Coefficients

Eluting Agent

Vv

0.5M 0.5M 0.4M 0.4M 0.5 M 0.4 M 1.0M
Ammonium | Citric Ammonium Oxalic Citric Oxalic Ammonium
Cation Citrate Acid Oxalate Acid Acid Held Acetate
pH 7.6 oH 1.7 pE 7.8 pH 0.78 pH 3.0 pH 3.0 pH 6.0
Ni 7. 2x10-2 147 ppt. ppt. 8.3 pot. 2.4
Sr pot. 81.9 ppt. ppt. 15.7 ppte. 6.5
Fe 101 13.1 1.1 2.3x10 2.0 2.0x1079  2L.2
Cr 0.17 61 3.8 28 10 7.0 0.22
Ba ppt. 263. ppt. 266 24.8 ppt. 8.9
@ Pb ppt. Very ppt. ppte. ppt. ppt. 1.3
High
Conditions: Resin Bluting Agent
5 mlL 0.5M NaOE -
sod%um 5 mg/ml Pb as+gb02
Resin 0.05 mg/ml B
Tracer Ba
Ky (Ba) = 2 b5

IO
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Approximate Solubility of Ba and Fb in Citric A

-1U-

OEm—_

Table IT

cid and in Citrate-

Oxalate and Acetate - Oxalate Svstems

System

0.125M sodium citrate

0.125M sodium oxalate

0. 25M sodium acetate

0.125M sodium oxelate

0.5M ammonium citrate

1n 1t u

1 1 1"

>

Solubility in mg/ml

Be
pH 9.0 £ 2.0
pE 7.0 031
<%f'
pH 3 soluble
PH )+ 1t
pH 9‘0 1!

Tb

6.0

£.6

<3
<. +58

soluble
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Tenle 6 om@MPTITNTIAL

Run IR-7: Acetate - Citrate Jon Bxchange Process For Ba;ho
Purification
Conditions:

Column: IR-105 resin (40-60 mesh)

Resin volume = 25 ml.
Activation: Resin initially in NHA form with concentrated ammon.
acetate. 140

Feed: 1 dionic scale of Ba process.
100
0.5M ammon. aceteate
vol.= 40.3 ml.

Flowrate: 0.55 ml/cm®/min.

Procedure:
A. Run Feed on colum
B. Wash with H O
C. Elute as foilows:
Step I: 75 ml. 2.0M ammon. Acetate
" II: 230 ml. 1.0M citric acid, pH3
ITI: 150 ml. 6N HCL
Results:
Elution %, Cation In the Effluent
Step Be Pb Fe Ni Cr Sr
Feed effluent|l 0.08  [<10.25 | 50 12.3 b.h =
+ HéO wash ©
2
I 0.14 33 8 20.3 3.9 iy
4+
II 104 62 22 40 5.6 :
481_
ITI 1.5 {7.25 11 k.5 3.2 @
o]
Q
Material
Balance 105.7 112.5 | 91 77.1 | 17.1 5

,.
N,
N
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C M AL mechnical Division

Chemical Process
Development Section

To: F. L. Steahly Date: May 4, 1949
e
From: I. R. Higgins %S
Distribution: .
FiSteahly <& —~%
WiEister &y
FRBruce
JODavis
IRHiggins Problem No. TDSI-3k
FlSteahly
Part T
QUACTEELY

¥o-H--H3-¥- REPORT

Title: Barium 140 Separation Development in the Semi-Works

Work by: I. R. Higgins, R. H. Vaughn, and W. A. Horne
SUMMARY

One helf scale equipment is being installed in Cell # 4 of the Semi-
Works for demonstrating the barium 140 separation process through the
metathesis step. Both filtration and centrifugation will be tried for re-
placing decantetion to reduce mechanical losses of precipitate and to reduce
time losseg due to Balho decay. It will also be determined if preclpitate
can be filtered or centrifuged from a higher concentration of uranium solu-
tion (40-50% vs. the 2% now employed) in the extraction step thus increas-

ing production capacity. Equipment installation is nearly complete. Test-

ing and cold runs should stert by May 9.
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To: F. L. Steahly Date: June 15, 1949
From: R. E. Blanco Report Period: May 10- June 10, 1949
Distribution: /PK
1. FIS* cF Problem No. TDSI-30
2. WKE '
3. REB Part
4., FRB
5. 30D MONTHELY RERQRT
6. FIS

1k
Title: Purification of Ba 0 by Ion Exchange
Work by: R. E. Blanco, A. H. Kibbey, G. C. Blalock

Secret Notebook No. CL-1656

SUMMARY

A tentative flowsheet wes presented in the gquarterly report ending
May 10, 1949 for the purification of Bal)"O by an ion exchange process sub-
sequent to the present metathesis step. An attempt has been made to develop
an up flow resin column for use in this process so that if gas is formed as a
result of water decomposition from radiation, the bubbles could escape and thus
not block the column. An investigation of bed expansion as & function of resin
mesh size and up flow rate was made. Resin sizes smaller than 200-240 mesh were
found to be impractical. A resin bed was prepared for further study containing
known percentages of resin mesh size varying from 40 to 240 mesh where the bed
expansion was 25% for a flow rate of 0.56 cc/cm2. The—theory O WES—25—for—e-
fmm&'evy‘mfw The theory of such a colum is that in up operations
the large particles would remain at the bottom and each particle would assume
a position relative to its size. Thus the bed would not "churn" and a
chromatographic separation would be made possible. Duplicate runs made on up
f£low and down flow columns to separate Ba and Sr under flow sheet conditions
(citrate elution) showec{n 'lgl:; product Ba obteined in the up flow column contained

1k 4% of the Sr while the product Ba from down flow operation contained only

0.13% of the Sr. Further work on up flow columns will be deferred FEX
. DRAFI COPY (continued)

2
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until e definite process has been developed by down flow methods.

The formation of a Ba.(NO3)2 complex as reported in the literature was
confirmed as it was found that 6N 131\103 would remove Ba from a resin column
3 times as fast as 6N HCL.

Dowex 50 resin is stable in 0.5M NaOH -0.1M H202 solution. Traces of Pb
in a solution of 5 mg/ml Pb in 0.5 NaOE are oxidized to PbO2 when the 11202
concentration exceeds ORO,OOlM. Treaces of H2O2 will be present under process
conditions as a result of decomposition of H20 by radiation.

It was found that if the maximum amounts of Fe, Ni, and Cr expected to be
present in the Rale process are precipltated as the hydroxide they will carry
2 to 5% of the Ba. When Fe is present alone 85 to 99% of the Ba is carried
where as 1f 5 mg/ml of Pb is present only 2% is carried. Washing the Fe(OH)
with 0.5M NHhNO3 , PH 5.0 removes (recovers) the greater portion of the Ba from
the precipitate. This system will be investigated further.

Experiments using Ba tracer have shown that the gsolubility of freshly
precipitated Ba,SOlL in 6-9M NeOH is at least 42 mg/lOO ml of solution. The Ba
remeins in solution when the solution is diluted 10 times. As ?E’bSOLL is also

soluble in NaOH, the possibility .is suggested that the PbSOu-BaSOLL precipitate

obtained in the Rala process could be dissolved in strong NeOH, diluted and

passed onto an ion exchange column thus eliminating the metathesis, electrolyses,

and ether hydrochloride steps.

QT CHAFT Cul)
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Up Flow v.s. Down Flow Columns.

Discussion:

In down flow ion exchange resin column’ges bubbles formed as a result
of water decomposition by radiation will hamper operations and perhaps block
the columm entirely. For this reason up flow columms are being investigated
so that any bubble formed could rise through the resin and escapeéhromato-
graphic separations cannot be made of the resin particles are free to move
ji.e. "churn" in the columm. To prevent this churning action a column con-
taining a known graduation in resin particle size seemed desireble as in this
case the larger resin particles would tend to stay at the bottom and in
general all the particles would remain in a relative position according to
their size. Experiments shown in Teble 1 determined the % expansion of a resin

wd porpide sree
bed as function of the liquid flow rate D(up flow) ,\for both water and 6N HCl.
Tt was found that resin of particle size smaller than 200 mesh tended to
"ohurn" and therefore should compose only a small fraction of an up flow bed.
a resin bed was made up as follows:
10 ml total -~ Dowex 50

20% 40-60 mesh

30% 60-80 mesh

20% 100-140 mesh

“ 140-260 mesh

0% 488 240 mesh

Duplicate runs to determine the separation of Ba and Sr under the R
proposed flowsheet conditions were made on this up flow column and on a 10
ml, Dowex 50, 140-200 mesh down flow column. The results listed in Tahle IT
show that while the Ba obtained in the down flow column contained only 0.13%
of the total amount of Sr the up flow Ba product contained 14.4% of the Sr.
Although this is not a completely satisfactory seperation the up flow
column does show some merit and indications are that improved column design

should increase the efficiency of separation. Further work on up flow operation

gummme DR:TT COFY  will be Weferred
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until a definite process has been developed by down flow methods.

Elution of Be with 6N HCL vs. 6N m\ro3

Duplicate runs were made to determine the relative efficiency of Ba elution
with 6N ENO3 or 6N HCl. It was found that ON ]31\IO3 removed the Ba 3 times faster
that the 6N HCl thus confirming the presence of & Ba.(N03)2 complex reported
in the literature (See table 3).

Stability of Resin and Siutions in Alkaline Peroxide Solutions

The stebility of resins and solutions in HEOE are of interest gjji small
smounts of 5202 will be formed from the decomposition of HQO by radiation .
Dowex 50 resin which is normally consided to be a weak reducing agent was found
+to be stable in a solution of 0.1M 3202 - 0.5M NaOH. This mixture was run
through & down flow column (140-200 mesh, 1.5 cm diameter):glthough bubbles
formed in the resin the flow rate did not decrease appreciably.

A solution of 5 mg/ml of Pb as Pboz in 0.5M NaOH was found to be tnstable

rrvees T wn
when the concentration of H202 exceeded 0.001M i.e.-ske Fb - oxidized to
solid FbOo.

Experiments are in progress to determine the possibility of forming the
plumbete instead of the plumbite. E[202 would not effect the oxidized form of
Pb.

Cerrying of Ba and Sr by the Hydrous Oxides of Fe, Cr, Ni and FbO,

The flowsheet for Balho purification calls for the removal of Fe, Cr, and
Ni from the alkaline solution by centrifugation so that it is necessary to
determine the amount of Ba lost (carried in this operatio The results of
such an investigation ane shown in Table L. Tt is seen that (1) when all
the ions ere present in their maximum expected amounts that 2 to 5% of the Ba
is carried (2). When Fe is present alone 85 to 99% of the Ba is carried. The
presence of large amounts of Pb apparently inhibitsthe carrying of Ba by

Fe(OH)3. (3) FbO, formed by the oxidation Pt to Fb0, with B 0p carries
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gbout 50% of the Ba. (4) Relatively small amounts of Ba (1% or less) are
carried by the Cr(OH)3 or Ni(OH)g.

The effect of NaOH concentration on the cerrying of Sr by Fe(OH) 3 is
shown in Teble 5. (Unfortunately the Ba analyses are not availablel. Ba
would be expected to act similarly, however.

It appears that much less Ba is carried at 6M and 9M NeOH than at 0.25M
to 0.75M. However, the evidence is not conclusive as the efficiency of Fe
removal by centrifuging at these high molarities is poor due to the formation
of ferrites and/or colloidal FejO3'nE 0. Runs ¥4 and XITI where 2.5% and 80%
of the Sr were carried respectively indicate again the effect of the presence
of a large amount of Pb. Run XVIT in comperison illustrates the effect of
washing the Fe(OH)3 ppt. with pE 5 NH N03. Tt is seen that asbout T7% of the

i

Sr is recovered from the ppt. This confirms results reported by Jd. D.
Qb tv &
Karbitov et al where he states that Ba and Sr are carried by Fc—)(OH)3 alone

but not below a pH of about 6.

Selubility of Freshly Precipitated Basoh in 6-9M and 0.6-0.9M NaCH
The following experiments show that the solubility of freshly precipitated

BaSO, in 6-9M NaOH is at least 42 mg/100 ml of solution.

L

(1) Precipitated 10 ng Ba + tracer as sulfate, centrifuge, wash,
and centrifuge 6
total Ba cts in ppt = 1.02 X 10

(2) Dissolve ppt. in 40 m1 of 9M NaOH (cog free) and centrifuge,
fotel Ba cte in solution = 1.05 X 106

(3) Dilute the solution to 400 ml 5
total Ba cts. in solution = 9.32 x 10

Another experiment showed the solubility of BaSOh at 6M NeOH to be

similar. Z!’.bSOlL is known to be soluble in 3-5M NaOH.

)ﬂﬁl‘ DRAFT COPY
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1.0 SUMMARY

Two ion exchange nrocesses have been developed in an effort to eliminate
the electrolysis and ether-hydrochloride extraction steps in the present Rala
process for Be.lho purification. In the "Alkaline-Citrate" process, the feed
is 'basic.iron, nickel and chromium are precipitated as hydrous oxides and separa-
ted from the solution. The lead pesses through the Dowex-"50" cation exchanger
column ag the plumbite while the barium and. strontium are adsorbed on the resin.
Strontium and sodium are selectively elécfe'& s leaving the barium still held
strongly on the column. The barium product is recovered by elution with 6 N

Nitric acid. 1In the "Acetate-Citrate" process, the feed is 0.5 M in sodium

acetate. AUt Qart of the lead, along with 60-90% of the iron vasses through

the exchange bed. Selective elution of the remaining iron, nickel ; S5worITtm
lead, stromtium and sodium follows. The barium vroduct is recovered in 6 N
nitric acid. During the past month, major considerstion has been given to
refinements of the Alkaline process, especielly adequate sevargtion of strontium

and sodium from the barium product.
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In both the above processes, a large amount of sodium is associated with

the product. It has been suggested that the weight of sodium in the final pro-
duct should hot exceed the weight of the barium. It was found that a 6 N
h&drochloric acid wash of the column, prior to barium elution, resulted in a
Ca. 25-fold reduction in the amount of sodium present in the barium product so
thet the final ratio of Na: Ba was approximatdy 3. The barium loss in this
w"ashing step was less than 0.01%.

) . The 'use of ;I:RC-SO resin is being investigated as a means of reducing the
ggltgné' of acld used "for elution of Ba product thus reducing evaporation volume.

RN
v ia v
* W

e .
Adequate separation of strontium from barium has been achieved by selective

elu'bion of strontium with sodium citrate at pH? The barium loss in this wash

b

is a‘bout 0.03%. -

A S'budy of the efflciencies of nitric acid and hydrochloric acids as elutri-

VVI:,"f': The possiﬁlity of elimination of the metathesis step in the Ral.a process

3 by direc'b dissolu‘blon of the larium and lead sulfates in 6 M sodium hydroxide
(003- free) 'before ion exchange treatment has been investigated. Experiments
ha.ve also beien carrled out dealing with the Bepara,tion of barium and lead as
'bhe carbona‘bes immediately after metathesis. Success of this method depends
upon 'bhe. relatiye solubilities of Barium and lead carbonates in strong (LiM)
potassiﬁn} cari;qnate or in a 0;5 M potassium carbonate solution, 6 M in potassium
hydroxide. |

Attempts to minimize the carrying of barium by the hydrous oxides in the

precipitation étep of the "Alkaline" process by use of ammoniuvm nitrate, pHS5, as

e washing agent have reduced the barium losses to less than 1% (in the presence

of "cold" barium and/or lead).
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2.0 Discussion

Separation of barium, strontium, and sodium hy selective elution in both the

“"Alkaline-Citrate" and "Acetate-Citrate" processes for Balho

purification:

The separation of strontium and barium has been accomplished by selective
elution of the strontium with 20 column volumes of 0.1 M Na-Citrate at ’DH?
Essentially all of the Sr was eluted in this wash, with a barium loss of 0.03%.
(See 'bable 3). Since the Na* replaces the Sr in this washing stepand it is
desirea.'ble to keep the amount of sodium remaining with the Ba product to a mini-
mum (not o exceed the weight of the Ba) it has been necessary to devise a
method for the adequate separation of sodium from barium. By washing the colu.mn
with 6 N HC1 unti], the effluent is acid + 3 column volumes excess immediately
after the Sr. elution step, the sodium contaemination of the barium product hes
been decreased ca. 25-fold with a barium loss of 0.0%. Under the best condi-

v tions ) "bhe fina.l ratio of Na to Ba was 3. By using 0.5 M HC1l,{he Ba loss was

O Ol,o ’but the sodium concentration in the barium wag ebout twice as great as

vr};gen the 6 N acid was used. (See tables 1 end 2).

, The substitution of TRC- "50" resin for Dowex -"50" in the "Alkaline" process

:ls being considered. Use of IRC-"50" as a cation excha.nger in this process

- a.ppears favorable because: (1) Ba can be eluted in a.\very small volume of acid,

) ;ﬁus reducing eveporation volumes, and (2) its exchange capaeity is double that
ef Dowex ="50" "and would therefore permit a 1/2 reduction in the size of the
reqz}ired resin bed. The sodium form of ]129-“50" undergoes hydrolysis fairly
readily and, from this standpoint, may prove valueble in the separation of
Na and Ba by water washing or by correct choice of a strictly controlléd Buffer
solution as & washing agent. Some preliminary cold runs have been made to deter-
mine the capaci"by of IRC-"50" for Na at varied conditions of pH. .(see table U).

TRC-"50 resin would not be satisfactory for the “Acetate~Citrate" process (in

which pH is altermately acid and basic) because it swells about 30% during conver-

gion from B+ to Na* form. Suaaw D77 SCPY
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Reletiive Efficiencies of 2 N HNO;, 6 N HNO, and 6 N HCL as Eluting Asents For Ba

Three runs were made with Dowex-"50" resin using 2 N HNO3, 6 N H:l\TO3 and
6 N HC1, respectively as an eluting agent.for barium. (See fig. 1). ‘.In all
cases the feed contained 10 mg. of barium as Ba(N03)2 plugzbarium tra.::er. The
resin was initially put in the E* form. 100% of the Ba was eluted in the first
6 columns volumes of 6 N HNO3, whereas more than 32 columns volumes of 6 N HCl
- were required for 100% Ba elution. Only 379 of the barium was eluted by a total

of, 32 column volumes of 2 N HZNO3.

Solubility of Ba and Pb Sulfates in NaOH

The possibility of eliminating the metathesis step in the present Rela
process by direct solution of the Ba and Pb sulfates in 6 M 063-fnee NaOH has
‘been consldered, and one laborastory run on l/lOO full process scele has been made.
However 3 only a M Ba material balance was attained, and approximetely 10 mr/hr
j 'of activity was left on the resin after elution of the Ba with a large excess of
‘ 6ji:ll\I imo3'. It is believed that the activity remaining on the resin was due to
‘éh'e J'"filtering" out of particles of undissolved, solid BaSO). (See table 2).
,"'Oﬁher investigations were made in an effort to determine the relative solubili-
'"h‘ies of. Ba. and Pb sulfa:bes in various concentrations of 003 free NaQH. It was
T found the.‘b colored » higher oxides of lead which arg insqQluble on subsequent
. Sohd PGSOy s 128 e BAdpd arIAS s
dilution to 6 M Na.OH, are obtained whenAstrong (18.6 M) NaOH. However, if
6 M NaOH is inijbially used as the solvent for P’bSOh, a white lead oxide is
ob‘baine_d that is solu'bie on dilmution to 3 M NaOH, aIffhthe initiallsolvedt used
is 3 M NaOH, a white insoluble lead oxide is obtained that will not dissolve
on further dilution. It was also found that BaSOy is only slightly soluble in

3 M NeOH.
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In brder to identify the components of the insoluble salts of Ba and

Pb in 6 N NaOH , & tracer experimental run was made as follows:

Total cts
(1) ppt as SO, = ; 100 mg Pb, Be & Sy g
: (wash with H;0) 10 mg B 6.592 x 10 6.591 x 10
lmgSr (in precipitate)
(2) Dissolve in 35 ml of
6 M NeOH (CO; free) :
Centrifuge o>t¥face of ppt 3 3
Dissolve ppt in EI\TO3 2.28 x 10 1.32 x 10
t (in precipitate)
(3) Dilute to 420 ml with boiled H,0 : ¢ ¢
. (&loudy) + 6.59 x 10 6.59 x 10
. § i (in doudy solution)
6 6
() = Centrifuge 6.46 x 10 7.56 x 10

: (in clear supernate)

Tiiese; results indicate that the Ba soh is soluble end that therefore the

I

pp'l'; is a Pb compound.

_ Separation of BaCO; from Pb*2 by Centrifugation

e y

- It is'knowh,tha‘i; Ba CO3 is relatively insoluble 1n con. alkaline carbonate

"

Bblutioné while Pb CO3 ig soluble. It may be possible to maeke use of this

- difference in solubillty and separate the Ba CO3 from the Pb'* by centrifugetion.

The small amount of Ba present (1 gm) may prohibit a high cen‘brifugé efficigncy.
Tra;ez; experiments were run using a laboratory clinical ;:?ntrimge (ca. 2650 RPM)
and 1 hr. centrifugation periods to determine the % of Ba lost in the supernate.
Yhen the Ba - Pb CO3 ppt was treated with 4 M K,CO3 ) 13% of the Ba was found in
the supernate. When 0.5 M KoCOg, 6 M NaOH wae used}'?.% of the Ba wag in the

supernate. It is not known whether the Ba was in solutioni{ or in fine susven-

sion. (see table 5).
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Carrying of Ba and Sr by‘Fe(OH)3

It has been found the carrying of Ba and Sr on.Fe(OH)3 varies inversly
with the con. of cold Be and Pb. Under process conditions 1 ng. of Fe would
carry 5.0% of the Ba in the presence of 1 gm of Ba and 0.7% in the presence
of 100 gms of Pb and 1 gm of Ba., Washing the Fe(OH)3 ppt. with 0.5 M IH),

acetate, ph 5, reduces the amount cerried to 1% and 0.1% respectively.

(See table 6)
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% Problem No. TDSI~-30
Part 1

QUARTERLY REPORT . . (onwses 6o Lo

O . .- onmure.

payes oitd . —- Y- .
1o Ne. S of . 2 _ecepes, ST 7T
Title: Purification of Ba by Ion Exchange
Work by: Re. E. Blanco, A. H. Kibbey, G. C. Blalock

Secret Notebook No. CL=2041, CL~1656

SUMMARY

Ton exchmnge is being considered for use in the Rala process as it
offers the adventages of ease of remote control and higher purity of producte.
Two ion exchange processes have been developed for the purification and recovery

of Bel"0 gubsequent to either the lead sulfate precipitation step or the metathesis

step replacing the metathesis, electrolysis and ether hydrochloride steps.

In the Acetate-Citrate Process the barium=lead sulfate precipitate is dis-
solved in 1M sodium acetete or the acid metathesis product is made QyQ5 M in
sodiun acetate and pessed through a Dowex 50 resin column where the Br, Sr,
and Fb are adsorbed while most of the Fe and Cr pass through as acetate com=-
plexes. The FPb, Fe, Sr, and Na are selectively eluted and the pure Ba finally
eluted in 6 N HNO, with a yield of approximately 99%. In the Alkali-Citrate
Process the barium-lead sulfate is dissolved in 6 M NaOH ((‘}03= free), diluted
to 0.6 M NaOE or the acid metathesis product is made 0.5 M in NaOH, centrifuged
to remove the hydrous oxides of Fe, Cr, and Ni, and passed through the resin.
The Pb passes through as the plumbite and Be is freed from Sr and recovered as
gbove. These processes have been verified in the leboratory on 1/100 scale and
are now in pilot plaent triel on full scele (see flowsheet Figure I).

The elutt‘on curves of Ba with 6 N HNO; v.s. 6 N HC1 or 2 N ENO; are plotted
in Figure II end show the former to be ebout eight times as efficieht due to the
complexing action of the nitrate. This also shows why & large amount of 6 N HC1
can be used to selectively elute the Na from a column with a negligible Ba loss.
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If the meximm amounts of Fe, Ki, a.nd Cr expected to be present in the Rala
process are precipitated as the hydroxide I;LtrggAlkali-Citrate Process, they will
cerry 2-5% of the Ba. However, the use of ammonium nitrate, pH 5, as a washing
agent will reduce the loss to less than 1%.

Laboratory experiments have shown that approximately 99% of the impurities,
Fe, Cr, Ni, and possibly Fb, can be separated from Ba by adsorption on the acetate
form of IRLES or Dowex A2 anion resin from a 0.5 M Na acetate solution.

An asttempt is being made to develop an up flow resin columm so that if gas
is formed as a result of weter decomposition from radiation, the bubbles could
escape and thus not block the columm. After an investigation of bed expansion
as a function of particle size and up flow rate was made, & resin column was
prepared containing kmown percentages of particles renging from 40-240 mesh
where the bed expansion was 25% for a flow rate of 0.56 cc/cm! .mlJD'uring operation
each particle assumes & position relative to its size so that the bed does not
"echurn". An encouraging separation of Sr and Ba has been made with this column.

The use of IRC-50 resin is being investigated as the volume of acid needed
for Ba elution would be considersbly less thus reducing evaporation volume. Two
disadvantages are:(l) Ba and Sr ere held much more strongly on IRC-50 then
Dowex 50 and thus a much larger volume of citrate elutriant is needed. Also,
the degree of separation of Ba and Sr is poor so that a new acid elution process
will have to be developed R (2) Since E' ion replaces all other cations,

HCL cannot be used to separate Na and Ba. The change in capacity of the resin
for Ne with pH has been determined (see Figure IIIL) so that by washing the resin

with sodium acetate of the proper pH (ca. 4.0), it is expected that the bulk of

the Na will be separated from the Ba.




Alkaeli-Citrate Process Development

An ion exchsnge process for Balh'o purification wes presented in the
monthly report ending July 10 where by the Ba and Pb sulfates were dissolved
in 6 N NaOH (CO3 free), diluted to 0.6 M NeOH and the solution passed through
a resin columm. After selectively eluting the Sr with pH 9 Na citrate and
the Ne with 6 N HCl, the Ba wes removed with 6 N HNO3e (See flowsheet, Figure 1)
The £irst laboratory run on 1/100 gcale showed & poor Ba material balance. This
run has been repeated gshowing & 99%yield of Ba containing only 0.08% of the 55 of
The efficiency of & 6 N HCl wash for Ne removael is shown by the low ratio of Ne
4o Be in the product i.e. Na/Ba = 0.08 (see Table I). Since 6 N HCL is so
corrosive, 0.5 and 1.0 M acetic acid have been tried unsuccessfully as eluting

agents for the separation of Na from Beae

Acetate-Citrate Process Development

1t hes been shown that at least 10 mg of Be and 1 gm of Pb as the sulfates
can be dissolved in 200 ml of 1 M Na acetate. Such a solution containing Ba and
Sr tracer and impurities on l/lOO the Rele scele was passed through & resin colunm.

LEspetnveLY

The column wes then weshed with NeOH, Na citrete &t pHE's 3 and 9, and 6 N EC}Ato ’
gelectively remove the Pb, Fe, Sr, and Na before the Ba elutééoa‘; with 6 N ENO3
(see Figure I for flowshee'b). The resilis were not conclusive in thet both the
Ba end Sr were eluted carlier in the process than expected (see Teble II). This
phenomene) ig & result of the large amount of NHy, scetate present in the feed.
As & result, the Be and Sr ere ceught et the bottom of the column instead of the
top and thus are eluted too SO0 In fact, ol % of the Si’ came through in the

Peed effluent. This condition will be corrected in & re~run by using twice a8

much resine It should be noted thet the Be, Sr, and Pb were in true solution in

ﬂ DRATT COFY
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the feed or they would not have been sdsorbed on the resine.

Separation of Fe, Cr, Na, and Pb from Ba by Anion Exchenge Process

Leboratory experiments have shown that approximastely 99% of the Fe, Cr,
Ni, end Pb can be removed from a Be solution by adsor})tion on an enion resin
colums. The procedure was as follows: A 0.5 M Na acetate solution PH 5.5~
6.0 containing 10 mg each of Fe, Cr, and Ni; 50 mg of Pb, 10 mg of Ba, and
1 mg of Sr plus tracer Ba end Sr was pessed through an anion resin column which
had been activated with 0.5 M Na acetate pH 8.2. The column was then washed
with 100 ml of Hy0 or 0.5 M Ne scetate pH 6. At least 86% of the Ba and 100%
of the Sr pass through the column while the other impurities are caught (see
Table 3).

Three possible mechanisms to explain this reaction are as follows:
(1) that anion acetate complexes are formed and a.'gsorbed as such; (2) that the
week bese IR 4 anion resin or the medium base Dowex A2 asnion resin are suf~
ficiently hydrolyzed et these high pH's so that the hydroxides of the Fe, Cr,
Ni, end Pb are precipitated on the resin per_picles; or (3) that the hydrous
oxides or acetates are adsorbed as colloids. Further runs will be made to
verify these results. Application of this process to the acetate-citrate
Baluo purification would result in a considersble saving of time as the feed
could be passed thoough the anion colum for impurity removal and then to the

cation colum for separation of Sr and Na from Ba.

Investigation of IRC-50 Resin

The variation of the Na capacity of IRC-50 resin with pH of solution is
gshown in Figure 3. If this resin were used in the Rale process 1t is planned

to take advantage of this relationship to obtain the separation of Ba and Ne.
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If acid is passed through on TRC-50 column containing adsorbed Ba and Na, the
resin is immediately transformed to the g5 form thus eluting the Ba and Na to-
gether. However, by washing with a buffer solution of 1.0 M Na acetate of!

the proper pE >'l:he bulk of the Na will be replaced by E'and the remsining space
occupied by Be ,88 Be is held stronger then Na. Thus when the Ba 18 eluted with
scid, the aemount of Na present will be very small. This system was tried using
pH 3.7, 1.0 M Na acetate. It was found that the Ba was removed at this pH, how-
ever, so that subsequent runs will be made at pH's 4.0, 4.2, eteo

1t has been found that Ba end Sr ere held mich more strongly by +he IRC-50
resgin then Dowex 50 jeesp it takes 150 ml of 0.1 M Na citrate PE 9 to remove the
Sr from 10 mlL of Dowex 50 while it takes 380 ml of 0.3 M pH 9 citrate to remove
the Sr from 5 ml of IRC-50. Also) in the letter case the geparation from Ba is
not satisfactorye.

The amount of hydrolysis of the Na form of IRC-50 during the washing of to
column by deilonized water has been found to be approximately 6 mg of Na/lOO ml
of 320/5 nl of dary, g" form of IRC-50 resin.

IRC-50 resin (EV form) was found to be gstable for at least 24’ hours 1n
6 N HN03. However, when the Ne form was converted to the H+ form with 6 N BNO3
the resin ‘burned.pink and would not decolorize on regeneration with 1 M NeOH.
TRC~50 was stable at room temperature in 1 M NaOH but turned yellow-brown in

boiling 1 M NaOH and smelled of naphthalene.
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able I

Purification of Balh'o by Ion Exchange Tollowing Dissolution of Ba-Pb

Sulfates in 6 M NaQH (CO3= free)

Run Ba~26
Conditions: Column:: 10 ml Dowex=-50 resin, 140-200 mesh;resin
initially in Net form with 0.5 M NaOE
Feed: 500 mg Fb
’ 10 mg Ba + tracer
1 mg Sr + tracer

Feed Preparation:
Precipitete Ba, Sr, end Fb as sulfates with
1:1 HpSO) ; centrifuge; wash with 3-25 ml
volumes HpO _
Dissolve precipitate in 6 M NeOH (CO; free)
end dilute to 0.05 NeOH with boiled Hs0

Flow Rate: 0.55 ml/em®/min

Column washes:
(1) 25 ml 0.5 M NaOE (CO3= free) followed
by 30 ml HxO
(2) 20 ml 0.1 M HNOg, followed by 30 ml HO
(3) 200 ml 0.1 M Na citrate, pE 9, followed
by 30 ml HO
(3) 25 ml 6 N HC1

Elution of Ba Product: 45 ml 6 N HNO3

Cation in Cetion in T« | l
Supernates Column Effluent 70 (o 7 | 7o |
from From feed + Cetion in|Cation in! Cation in |Mattl !

Precipitation| Washes(l) and (2)wash (3) |Wash () | Ba~ productiBalance
‘ . .

, | .

- Essentially All - ' -

7.8% ; 0.25 85.33 0.6k ' 0.08 gh.1
0.12% : 0.10 © 0426 0.08 109.1 109.6

9
Cation
Eluted
b
Na
Sr
Ba
A
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Teble IX
” Purification of Bal)"'o by Ion Exchange Following Dissolution of Ba=Fb Sulfates
‘ Tn 1 M Na Acetate
Run Ba-28
Conditions: 10 ml Dowex-50 resin, 140~200 mesh;resin initially in Na
form
Feed: 10 mg Ba + tracer 10 mg Fe
1 mg Sr + tracer 2 mg Cr
1000 mg Fb 1.7 mg Ni
Feed Preperation:
Precipitate Ba, Sr, and Pb as sulfates with 1:1 HQSOM_
@entrifuge; wash with 3-25 ml volumes Hy0
Add Fe, Cr, and Ni
Dissolve ppt. in 250 ml 0.5 M Na acetate and add enough
solid Na acetate to bring to 1.0 M
Flow Rete: 0.55 ml/cm®/min
Column Washes: (1) 30 ml 0.3 M HNOs, followed by 30 ml HpO
(2) 60 m1 05 M Naoﬁ
(3) 150 ml 0.5 M Na citrate pH 3 followed by 30 ml 0
. (L) 150 ml 0.1 M Ne citrate pH O followed by 30 ml H;O
@, (5) 18 ml 6 N HC1
Elution of Ba product: 6 N o3, 45 ml
% Lost % in
etion |in Sulfate |Effluent+ $in |%in [P in % in |% in Meterial
1uted |Precipitation Wash 1 Wash 2 | Wash 3 | Wash 4| Wash 5 | Product Balance
sr 1.38 okl 5.6 | 67.79 | 1.93 |<0.0L |<0.0L 97.82
Ba 0.10 0.05 0.01 | 54.8 36,5 | Lbolk | L5 99.45
&
*,_f "R VTT :O-F.t.
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Table IIT

Separation of Fe, Cr, Ni, and Tb from Bal}"'o by Ion Adsorption on Anion Exchange
{
Resin
Conditions: Feed: 50 ml 0.5 M Na acetate containing: 40 +3
10 mg Fe?3; 10 mg Ba + Ba “tracer”; 10 mg N1'%; 10 mg Cr
50 mg Pb*2 and 1.0 mg Sr*%‘tracer”

pH: Runs I and II = 5.5
Bun IIT - 6.0

Anion Resin: Run I - 25 ml IR-4B
Run II = 75 nl IR-4B
Run IIT - 75 ml Dowex = A2

Activation: Resin initially in acetate  form with Na acetate

Run % In Effluent

No. Fe Cr | Ni i Po | Sr Ba

I 25 62 3.7 3.5 - -

II 2.+ | 18.8 | 1.1 | 5.0 | 105 88.6
. 111 1.7 |<2.6 Kl | Tk 106 | 87.6

qﬂ, DRAFT COFY
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Distribution:
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Title: Purification of Ba.lho by Ion Exc

By Athsity OF:

Work by: R. E. Blanco, A. H. Kibbey, G. w‘
Secret Notebook No. CL-20k1 tth%

‘ iy Sesegis i 2.
SIJIVMRY -:"" .. (8 .
7 O, J NSty n
The Acetate-Citrate Process for recovery and puriflcatn.on of Ba 0 by

ion exchenge is being pilot plented in the semi-works at present. Leboratory
development work to improve this process is proceeding under the following
headings:

Impurity Removal by Anion Exchange- Preliminary results reported in the

quarterly report ending Aug. 10, 1949 showed that approximately 99‘,’6 of the
iron, chromium, nickel, and lead present in the Rale process could be removed
by meking the solution 1L.0M in sodium aceta:be)pH 5.5 to 6.9} and passing through
an A2 or TRUB anion resin column. The results from 5 recheck runs using
IRYB resin show the impurity removal to be no better than 80 to 90% with barium
yields ranging from 15% to 85%. The rechecks on A2 resin showed even lower
impurity removal. Since ever;r .effort was made to duplicate the conditions of

»

the earlier runs, the conclusion reached is that in these runs an abnormel

phenomenon such as colloidal physical adsorptlon or filtration of precipitated

impurities must hz;,vg}taken place.
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Impurity removal by anion exchenge will be abandoned for the present as adeguate

removel is being obtained in the cation exchange process.

Dowex 50 Resin v.s. IRC50 Resin for Separation of Barium and Strantium

In an effort to determine the optimum conditions for separation of barium

and strontium, a large number of distribution coefficients heve been run in the

systems sodium citrate - Dowex 50 and sodium citrate - IRC-50. Determinations were

made at 0.1, 0.3, and 0.5M sodium citrate and at pH's of 6.0, 7.8, and 9.0, as some

of the analyses are being rechecked the results will be reported next month.

Comparison of Nalcite and Dowex 50

The digtribution coefficients were determined for thorium and

strontium Sr between the newer Dowex 50 type resin, Nalcite, and Dowex 50 and

0.5M sodium citrate at pH 9.0. The barium D.C.'s were 2.75 and 1.97 respectively

while the strontium D.C.'s were 0.52 and 0.92. Thus the separation factor for

barium and strontium using Nalcite is 5.28 while that for Dowex 50 is 2.1k,

The capaclty of the air dry H forms of tThe two resins was 4.15 meq_/gnu! for

Dowex 50 and 4.37 meq/gm for Nalcite.

Investigation of Versene

Versene (ethylene di-amine-tetra-acetic acid) is a strong complexing
The complexes are so strong that such compounds as barium

(chelation) agent.

and lead sulfate are easily dissolved. As the system is very dependent on pH,

it is proposed to adjust the PH of the solution to the point where the Ba and

Pb sulfates will not precipitate but where the Ba will be adsorbed on the resin

and thus separated from the sulfate.

PY
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Title: Purification of Balho by Ion Exchange
Work by: R. E. Blanco, K. H. Kibbey, G. C. Blalock

Secret Notebook No. 205, Cl 2041

SUMMARY

The flowsheet of the Acetate-Citrate Process for recovery and purification

of Balho by ion exchange was presented in the quarterly report ending August 10,
1949. 1In this process the dilute nitric acid solution after metathesis is

made 0.5 M in sodium acetate and passed through a Dowex 50 resin column where
the Balho is adsorbed. After removal of the impurities (lead, iron, strontium,

ko is recovered in 6 M nitric acid. Three

etc) by selective elution the Ba
laboratory demonstretion runs on 1/30 plant scale showed that the barium loss
would not exceed 2% and that impurities would not exceed 30% of the maximum
tolerance. (See table I).
Development work f£o improve this process is proceeding as follows:
(1) Versene v.x. Acetate
Versene (ethylene-dé-amine—tefra— acetic acid), a water soluble

chelation agent, has been evaluated as a substitute for acetate in the feed

solution at pH 6.0. The advantage gained is that the impurities (iron, lead,

mmsmm By Aumuﬂ% oh
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chromium and nickel) are complexed so strongly that no apprecisble guantities
are adsorbed on the resin with the barium. Thus the use of sodium hydroxide
and pH 3 sodium citrate for lead and iron removel are eliminated, resulting in
8 1/3 reduction in time cycle. In addition,the barium-strontium separation Sé;é
improved as the number of plates in the column was increased from 12 to U45.
(Calculated from position and shape of elution curves). See Table I.

Versene, pH 6.5, has also been used to dissolve the lead-barium sulfate
precipitate, thus eliminating the methathesis step. As the barium distribution
coefficient is less favorable at this pH; 3 to 4 times as much resin is neces-
sary to adsorb the barium as in the acetate-citrate process.

(2) Impurity Removal by Anion Exchange

A series of runs has shown that 80 to 90% of the iron, nickel,
chromium, and lead impurities can be removed by passing the acetate solution
through a column of IR-4B aniun exchanger at DH 6.0. The barium yields are
poor, however, ranging from 15 to 85%.

Two ion exchange procedures are being considered for the separation of
barium from the uranium dissolver solution to replace the lead sulfate pre-
cipitation. The uranium cen be complexed at pH 6.0-7.0 with "Versene" so that
it may be possible to separate the barium from the uranium by ion exchange
using IRC-50 resin thus maeking use of the preferential selectivity of this
resin for the alkaline earths. A preferable complexing agent might be bi-
carbonate at higher pH's, since the capacity And selectivity of IRC-50 for
alkaline earths has been shown to increase with pH. Consideration of the
equilibria show that the Ks.p of barium carbonate may not be exceeded under
these conditions, however, its exact solubility will be determined. “Versene"
might possibly be used to complex and dissolve the uranium in the Hanford waste
tanks at a pH of approximately 7. The "Versene" could easily recovered for

recycle by acidifying and filtering off the precipitated "Versene".
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Discusgion: Month Ending November 10, 1949

The major effort has been divided into two vprojects:
(l) Three demonstration runs to show the reproducibility of the

Acetate-Citrate Process on 1/30 plant scale.

(2) TImprovement of the Acetate-Citrate Process by substitntion of

Versene (pH 6.0) for the acetate. (3 runs) Two runs were also made in which
Versene at pH 6.5 was used to dissolve the lead-barium sulfate thus replacing
the metathesis step presently used.

The following conclusions appear justified although all of the anslyses
are not completed as yet.

(l) The barium losses in the Acetate-Citrate Process will not exceed

2% and will probably decrease with increase in accuracy in analysis. Impurities
in'the product (i.e. iron, lead, etc.) will be less than 30% of the maximum
tolerance.

(2) The advantage @ined by use of Versene pH 6.0, instead of acetate
is that the impurities (iron, lead, chromium, and nickel) are complexed very
strongly and no apprecieble quantities are caught on the resin with the Ba.

Thus the ‘use of sodium hydroxide and sodium citrate pH 3 for lead and iron
removal are eliminated, resulting in a 1/3 reduction in time cycle. In additioq,
the barium-strontium separation is improved as the number of plates available
for separation is increased from approximately 12 to 43 (calculated from the
position and shape of strontium elution curve). Due to cross contamination
in analyses the % strontium in the product in run 32 is no lower than in run'
31l. See Table I. )

The results of & run in vhich Versene at pH 6.5 was used to dissolve the
sulfate precipitate prior to adsorptionfé resin column showed the barium losses

to be of the order of 4%. This loss can be lowered by use of more resin. A

major disadvantage of this procedure is that the volume of resin used will be

approximately 3 times that used for the other processes. This follows from the

m\&emwﬂ&m!
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fact that more Verseneé and a higher pH must be used in order to hold the
sulfates in solution resulting in a less favorable barium distribution coefficient.
A major disadvantage of all versene-cation exchange processes is the ad-
Justment of the pH of a hot solution. ~&=sCOUtIng rumrhas -been made using the
anion-exchange resin A2 and Versene in which it was not necessary to édjust
/tﬁé'pH. The,sulfate precipitate was dissolved in Versene with excess NaORE
(pH approxiﬁately 11), and passed through the anion resin column where the‘
cations were alsorbéd as the Versene complex. The barium was selectively

removed with pH 6.5 sodium acetate with s yield of % containing 1

of the Sr.
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Title: Purification of Ba by Ion Exchange

Work by: R. E. Blancc, A. H. Kibbey, G. C. Blalock

Secret Notebook No. 205

SUMMARY

Development work on processes for the production of Baluo by ion exchange

is proceeding under the following headings.

Improvement and Evaluaetion of the Acetate-Citrate Process

(1) Arunon 1/30 full chemicel scale showed that if the iron in the
starting solution is increased to ten times the maximum amount ever
found in an actual run to date, the amount found in the product was
still not detectible by spectrophotometric analysis.

(2) Hydrochloric acid will be used to selectively elute sodium instead
of sulfuric acid so that there will be no possibility of contaminat-

ing the product with sulfate.

oS |

M

419 Ll ( continued on next page)
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Versene* Process

This process is designed to replace the metathesis and the Acetate-Citrate

Process by a two column ion exchange process employing Versene as the complexing
agent. Incomplete results from o laboratory development runs on 1/36 scale
indicate that the results will at least equal the former process. In addition
the Versene process will reduce the total time cycle by en estimated 20 hrs.
The steps in this process are &s follows:
(1) Dissolve the barium and lead sulfate cake in 0.1 M Versene at pH
6.0 - 6.5 and pass through a Dowex 50 resin column where the barium
is adsorbed while all of the sulfate and the bulk of the impurities
(lead, irom, etc.) pass through.
(2) The barium is eluted in & small volume of 0.3 M Versene pH 11, the
‘DH adjusted to 4.0 - 4.5, and the barium readsorbed on & smaller
column.
(3) The strontium and any remaining iromn, chromium ‘and nickel are
gelectively eluted with pH 6.3, 0.07 M Versene and the sodium with
hydrochloric acid.

(4) The barium is eluted in 6 M nitric acid.

The variation of the distribution coefficients of barium and strontium
with pH have been determined for synthetic Versene feed solutions v.s. Dowex
50 resin. The two golutions were 0.065 and 0.13 M in Versene and contained
lead, iron, chromium and nickel but no sulfate. In the first case the amount
of Versene was just enough to prevent the precipitation of the hydrous oxides.
Thus the bulk of the Versene was complexed so that its effect on the berium and
gtrontium was smell. In the second case, however, the distribution coefficients

decreased by factors greater than 100 as the pH changed from 5 to T-

% Ethylene Di-emine tetra acetic acid.




(/[‘,(/

(See Figure 1). i S A »

Efforts to determine the distribution coefficients of the barium and
strontium Versene complexes between a synthetic feed solution at pH 11 and
the anion resin Dowex A2 were unsuccessful. The iron precipitated on con-

tacting the hydroxyl form of the resin. The experiment will be rerun using

the chloride resin form.
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"7 ° ° Ba and Sr Distribution Coefficients
In A Versene Synthetic Feed System
As a Function of pH

W

Conditions:
Resin:

"Dowex 50," 100-200 mesh,
sodium form buffered at
each pH with 0.5 M sodium
acetate, then water washed.

Agueous phase:
— Set I: 0.06M in Tetra sodium
Versene
s Set II: 0.13M " "
B All Are: 1.0x10"3 M Ba
s 1.0x1073 M Sr
5.9x107° M Pb
2.7x10™%,M Fe
&.5x107% M cr
T h.3x10_h M Ni
" D.C. = cts/min/gm oven dry H' Resin
?iV, cts/min/ml solution
fi’l‘ — ! . Legend:
?;gﬁah.%f . Set I:
Al pkli
r :-*n:'zf;:{-gﬁ.‘\{. ' BaQ ——X—
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STUMMARY
Lo

- o . . o 1 . N
Development work on processes for the production of Ba br ion exchange
is proceeding under the following headings:

* Versene Process:

Ir the Versene Process, whickh is being developed, the barium, strontium

and lead sulfates are dissolved in 0.1 M Versene et pH 6.3 and run on an **

e + . . . 5 .
M.S. column of Na form Dowexz - 50 resin, 50.8 cm. in height. Together with

the sulfate, 50 to 90% of the strontium, and essentially all of the lead,
ekt .
iron, nickle, chromium and rare earths pass through the column as their
versenates (anion complexes), while the barium and the remeinder of the
strontium are adsorbed. The impure barium product is eluted in pE 11
Versene, the pH readjusted to 4.0 and the solution run orn 2 17.8 cm. high
Purificetion Column of e -form Dowex-50 resin, on which the barium and
traces of contaminants are adsorbed. Strontium end sodium are selectively
eluted with 0.03M Versene, rH 5.3 and 0.5 M hydrochloric acid, respectively,

leaving the berium on the columm. The bariun product is eluted in 6 X

*Bthylene-diamine-tetra-acetic ecic.
*¥Metathesis substitute.
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nitric acid. Five leboratory runs on 1730 %EE& Ral.a chemical scale have been

completed. The results indicate that the product berium purity exceeds
specifications and totel barium loss is less than two percent. (See Table 1).
The Versene Process has several advantages over the Acetate-Citrate Process,
namel&: (1) eliminetion of the metathesis step used for the present process.
This step has proved to be unrelisble in process operations. (2) the overall
time cycle required for the Versene Process is 10 to 15 hours shorter than that
for the Acetate-Citrate Process, thereby reducing barium loss dve to decey,

and (3) Versene forms anion complexes with the bulk of the undesireable activities
in the Rale feed, allowing them to pass through the M.S. column in the feed
effluent; a lerge amount of the activity is never caught on the column, thus
reducing the probability of radiation decomposition of solutions and resin.

Improvement of the Acetate~-Citrate Process:

Tn the Acetate-Citrate Process, sirontium is separated from the barium
by selective elution with 0.1 M sodium citrate at pH 9. In order to definitely
establish optimum conditions of pH and sodium citrate molerity for the
separation, the following investigations were made. Distribution coefficients
and separation factors for barium and strontium were determined in the pH range
from 6 to 9 for both IRC-50 and Dowex-50 resin-sodium citrate systems at
citrete molarities of 0.1, 0.3 and 0.5 M. The separation factors for both
systems were found to be almost independent of pH at constant citrate molarity.
The influence of citrate molarity on the separation factor was shown by an
increase of from 7 to 10 for the Dowex-50, and from 2 to 3 for the IRC-50,
as the sodium citrate concentration was increased from 0.1 to 0.5 M at constant
pH. As vas expected from the equilibrium expressions, the distribution

coefficients in the Dowex-50 system decreased slightly as the pH increased from
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from 6 to Q@ at constant citrate molerity. However, in the IRC-50 system, an
enormous increase in the distribution coefficient was noted when pH was increased
from 6 to 9 -- approximating a factor of 50 when the citrate concentration was
0.1 M. The equilibrium equations for the system do not account for this marked
increase, and a theoretical explanation will be offered in a separate revort.
Log plots of the barium and strontium distritution coefficients vs. equilibrium
pH's for 0.1, 0.3 and 0.5 M citrate concentrations in both the IRC-50 and

Dowex-50 systems are given in figures 1-6.

Slug Jacket Dissclving:

An effort has been made to find a method for slug Jjacket removel that will
eliminate the objectionsble siliceous material that bonds the aluminum can To
the slug. This material plugs the filter. The success of such a method would
eliminate the projected use of the dissolver crud filter. The procedure below,
vhich eppears very promising, was developed by using cold Clinton slugs,
especially coated with the Al-S5i-U alloy by the Metallurgical Departmen : . .
. . r'wLaLHJmepﬂw
(1) To remove the aluminum can, boil 2 hours in a ’6.25 M sodiumknitrate.
The nitrate serves to oxidize the hydrogen evolved, and so prevents
explosion hazard.
(2) Beil 5-1/2 hours in 6.25 M sodium hydroxide.
(3) Boil 3 hours in 1.0 M nitric acid containing a trace of mercuric
ion as a catalyst. In this final cleanup, the siliceous material
is not dissolved, but rather, is undercut so as to allow its removal
by flaking off. See table 2 for laboratory results. The time cycle
for the proposed dissolving method is 10-1/2 hours, resulting in &
2 to 2—1/2% berium decey loss; tranium loss is below 1%. The addition
of hydrogen peroxide to the 6.25 M sodium hydroxide appears to
accelerate the reaction end is being investigated.
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Adsorption Of The Sulfate And Metallic-Anion Complexes Fresert In A Symthetic Verssa

Feed:

An effort to replace the metathesis stép in the present Rale process by
anion exchange has been made. However, the use of A2-resin for the removel
of sulfate and berium and lead versenates from a symthetic-Versene feed
solution of barium end lead sulfate hes co far been unsuccessiul. A large
excess of Versene is required to prevent iron precipitation at high pH.
Apparently this excess of strongly adsorbed tetravalent anion materiel saturates
the anion resin, preventing adsorption of the nore wealtly held enion metellic
complexes. Future experiments are being planmed at lower pE valwes, where

the concentration of Versene can be decreased.

Discussion:

oo

*¥Versene Process:

A total of five laboretory runs, on 1/36 full Rala chemical scale,
have been completed thet indicate that the two column Versene Process for the
purification of Ba;ho by ion exchange has decided adventages over the Acetate-
Citrate Process: (1) +the metathesis step currently used in Rala, which
has been found to be unpredicteble, is eliminated; (2) the total process vime
is reduced by 10 to 15 hours, affording an increase in berium yield of
approximately 2 to 3% due to the shorter decay period; (3) a greater portion
of the undesiresble activities in the feed, including 50 to 90% of the
strontium and the bulk of the rare earths, pass through the *¥* M.S. column
in the feed effluent as versene anion complexes, while the barium is adsorbed on
the resin. With most of the strontium and rere earths passing through the bed,

the concentration of high level activities in small areas does not occur to

such a great extent, hence the probability of radiation damage to resin and

¥EBthylene-diamine~tetra-acetic acid.

K i i .
Metathesis substitute P
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solutions is decreased appreciably. It should also be noted that in the Versene
Process totalybarium losses are less than 2% and the purity of the barium
product exceeds specifications.

In the first leboratory runs, the Purification column employed was 7.6 cm.
in height. However, since barium losses were large (3 to 5%) in the strontium
and sodium elution steps, the column height was increased to 17.8 cm. in the
last two runs. Also, in the last two runs, the strontium elution was carried
out with 0.03 M Versene at pH 6.3 instead of 0.07 M as used in the first three
runs; in addition, the normality of the hydrochloric acid for sodium elution
was reduced to 0.5 N as compared with 6 N in the first three runs. By using
less concentrated eluting agents in conjunction with a longer Purification
Column, more efficient separations and smaller barium losses have been
achieved.

Specifications for the M.S. and Purification Columns, together with feed
conditions and results for all five runs are given in Table 1.

Improvement Of The Acetate-Citrate Process:

The effects of pH and sodium citrate molarity in the Acetate-Citrate
Process have been investigated in an effort to find optimum conditions for
meximum seperation of barium and strontium. Distribution coefficients in both
IRC-50 and Dowex-50 resin - sodium citrate systems have been determined in
the pH range from 6 to 9 for 0.1, 0.3 and 0.5 M sodium citrate. It was observed
that the barium and strontium separation factors in both resin systems were
not particularly TEEXF¥K pH dependent. As citrate molarity was increased from
0.1 to 0.5 M, pH remaining constant, an increase in separation factor from 2 to
3 for the IRC-50, and from 7 to 10 for the Dowex-50 was noted. The barium
and strontium distribution coefficients for the Dowex-50 system decreased slightly
with an increase in pH-at constant citrate concentration, as was expected from

the equilibrium formulae. For the IRC-50 system, however, the distribution
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coefficients increased enofE;ﬁél§‘as the pH was raised from 6 to 9 -- a factor
of approximately 50 in the case of the 0.1 M sodium citrate. This great increase
is not accounted for by the equilibrium expression and a discussion of the theory
involved will be presented in a separate report. It is expected that this large
increase in the barium distribution coefficient with increasing pH will prove
advantageous in the separation of barium and urenium. Graphical representations
of these distribution coefficient date are given in figure 1-6.

Slug Jacket Removal:

An effort has been made to dissolve the U-A1-Si alloy bonding agent, that
holds the aluminum can on the slug, with a minimum barium end uranium loss.
By eliminating the objectionable siliceous meterial that has caused plugging
of the metathesis filter, the installation of a filter and use of filter aid in
the line between the dissolver and metathesis tanks would be avoided. The
conditions which appear to be most favorable for dissolution of the slug
coating are as follows: (1) boil for 2 hours in a solution 6.25 M in sodium
hydroxide and 1.76 M in sodium nitrate. The sodium hydroxide dissolves the
aluminum can and the sodium nitrate oxidizes the hydrogen evolved, preventing
explosion hazard; (2) boil an additional 5-1/2 hours in 6.25 M sodium hydroxide
to complete dissolution of the can. Small areas of black coating still remain
on tke after this treatment; (3) boil for 3 hours in 1.0 M nitric acid contain-
ing a trace of mercuric ion as catalyst. This final cleanup step does not
dissolve the siliceous material, but undercuts it so as to allow its removal
by scaling off. The time cycle for this proposed method is 10-1/2 hours,
as compared to 6 hours for the present method. However, by utilization of the
new method, the slug coating is essentially completely removed, and any small
particles of coating remaining on the slug are not sufficient to seriously
hamper filtering operations. In the very near future, this method will be
tried on actual Hanford slugs. With the new method, barium losses due to

amoared to 1% for the present process.
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Uranium losses in both processes are less than 1%. (See Table 2). The addition
of hydrogen peroxide to the 6.25 M sodium hydroxide solution appears to
accelerate the reaction and the possibility of shortening the time cycle by its
uge is being investigated.

Adsorption Of The Sulfate And Anion-Metallic Complexes Present in A Synthetic

Versene Feed:

An effort has been made toward replacing the metathesis step in the
present Rala process with an anion exchange column. However, the use of Ao-
(enion) resin as an agent for the removal of the sulfate and barium and lead
versenates from a versene feed solution, containing an amount of sulfate
equivalent to the barium, strontium and lead, has been found to be ineffective.
Synthetic feeds for the A,-resin experiments were 0.00L M in barium and
strontium, and contained a large excess of Verseme (0.166 M), radio ~ active
barium -~ strontium tracer, nickle, of;romium, iron and lead. A suitaeble aliquot
of the feed was shaken for 24 hours with 20 to 23 ml of A2-resin, and the
supernate sampled for analysis. In the first run, the A2-resin was initially
in the hydroxyl form, and the high egquilibrium pH, ca. 1ll, allowed the iron to
precipitate as hydrous ferric oxide. In the next run, the chloride form
of the resin was used, lowering the equilibrium pH to 9.2, and although no
iron precipitated, only a negligible portion of the barium and lead was
adsorbed on the resin. Presumably, the excess free Versene was adsorbed
more strongly than the barium and lead versenates because of its tetravalence,
occupying all of the available adsorption space, leaving little or none for
the more weakly-held, divalent, barium and lead anion complexes. Some future
experiments are being considered which will be made in the pH range from 6 to 7

since at these lower pH's, a much smaller excess of Versene is required to keep
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. 1. Ba_and Sr Distribution Coefficients In A Dowex-50 Resin - 6.1l m e
M - - " T
T | SR - :
H 1.09‘ T Sodium Citrate System As A Function Of pH u

T Resin: Dowex-50, 100-200 mesh, sodium form, buffered
b at each pH with 0.5 M sodium citrate, water washed, and air-

. dried. - -
T Aqueous Phase: 4

0.1 M sodium citrate, pH adjusted with sodium hydroxide. f
i : 10-3 M in Ba and Sr, plus radioactive Ba and Sr tracer. Pr

S Conditions: |

= S

LT -

‘ - ;— Distribution Coefficient - = cts/min/gm, oven-dried, H"’-form, Resin -
‘ ! cts/min/ml. sog_.trbion .
SN

i

‘. _..‘ { t i
O.Zl....h.;0 5.0 5.0 7.0 — 8.0
Equilibrium pH
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Pigure 2 .
Ba and Sr Distribution Coefficients In A Dowex - 50 Resin- 0.3 m
Sodium Citrate System As A Function Of pH - .
Conditions: 4
- Resin: Dowex-50, 100-200 mesh; sodium form, buffered at each pH
with 0.5 M sodium citrate, water washed, and.air-dried.
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Aqueous Phase:
0.3 M sodium citrate, pH adjusted with sodium hydroxide.
10-3 M in Ba and Sr, plus radioactive Ba and Sr tracer.
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— Conditions: _'_
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SUMMARY

Work is continuing on the development of an ion exchenge process for the
purification of radio barium. Laboratory development of two processes, the
Acetate~-Citrate process and the two column Versene process, has been completed.
These processes showed reproducibility, a product yield of the order of 98%,
and a product purity which met or exceeded specifications. Flowsheets for
these processes were presented in the monthly report ending January 10, 1950.
and the quarterly report ending Nov. 10, 1949.

A new less stringent specification for the amount of radio strontium that
can be present in the product, permits the use of a sa..mpler one column Versene
process. The steps in this process are:

(1) Dissolve the barium-lead sulfate cake in 0.1kt M Versame¥
and adjust the pH to 6.0 - 6.5.

(2) Pass the solution through the resin column where the barium
is adsorbed while the bulk of the impurities, iron, lead,

strontium, rare earths, chromium, and nickel pass through.

(3) Elute any adsorbed impurities by washing the column with
PRmSSSE S

6.3, 0.07 M Versene. w
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(%) Elute the sodium with 1 M hydrochloric acig.

(5) Elute the bure barium in 6 M nitric acid.

The yield orf barium in the lst trial run of this process was greater
than 95%. '

Tmpurity removal Wwas more than adequate except for iron which was
marginal. The problem of iron removal will be attacked.by the use of a new
reagent, Fe 3 Specific ,* in the feeqd solution. Thig compound complexes
iron and other heavy metals but not alkaline earths.

In order to avoid a PH determination on the hot feed, the effect of
acetate buffer on the system wag studied. It wag shown that if the Versene
solution is mage 0.5 M in sodium acetate and adjusted to pH T+7, prior to
its addition to the barium-lead sulfate cake, the final pH of the solution
will fall in the desireq range, 6.0-6.5, even though the amount of lead

may vary by 20%. A run using such a feed showed a 15% barium loss, however.

Further development is necessary.

Hanford Slug Jacket Removal

Laboratory work in this project is essentially complete. The 12 hour
brocedure as follows gave excellent results.

(1) Boil 2 homrs in a golution 6 M in caustic and 1.7 M in sodium

(2) Boil 7 hours in a fresh solution of § M caustic.
(3) Boil 3 hours in IM nitric acid.
The uranium loss was less than 1%. One section of slug required an

additional caustic and nitric acid treatment. Several runs will be made on




FIS-272
Chemical Technology Divieion

To: F. L. Steahly ?@/ Date:
Fron: R. %. Blanco Report Period: 3Endirg 3-10-50

— — — . — — —— —_— e = e e

WEU

TIS DEGLA S FiED By Au.thority Of:
7 b ?.Lr. Bray, Supenisar

Laberatery Recards Bapl.
1118

Distribution: This document consists of 3

1. FIS pages and (% figures.
g' }g Problem lic. TDSI-5O Ne /. _cf_ 7 copics, Series £4S
L. FRB Part

5. JOD

6. IGR MONTHLY REPORT

T

8.

~—

140
Title: Purification of Ba by Ion Exchange

Vork by: R. E. Blanco, £. H. Kibbey, G. C. Blalock

Secret Notebook No. 205, 249

SUMMARY

Work is continuing on the development of a one column Versene ion exchange

process for the purificétion of radio barium.

The steps in the process are:

(1) Dissolve the barium-lead sulfate cake in 0.14 M Versene and aedjust
the pH to 6.0 - 6.5.

(2) Pass the solution through the resin column where the barium is
adsorbed while the bulk of the impurities, iron, lead, strontium,
rare earths, chromium, and nickel pass through.

(3) Elute any adsorbed impurities by washirg the column with 0.07 N,
pH 6.3, Versene.

(4) Elute the sodium with 1 M hydrochloric acid.

(5) =Elute the pure barium in 6 M nitric acid.

The yield of barium is greater than 95% with adequate purity.
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Investigation of Process Varigbles

Column Dimensions

Trial runs were made on columns 10", 15" and 18" in height. The results
show that the columm must be at least 18" high to obtain a high product yield.
For safety on full chemical scaele the colum bed should measure 20" X 3" when
the resin is in the sodium form.

Iron Removal

The amount of iron left in the product:£g;é;—meets specifications. Since
it is desirable to have a safety factor, the use of Fe (3) specific¥*, an iron
complexing agent, was investigated as a feed constituent. A series of
distribution coefficients for iron, barium, and strontium between 0.05, and
0.1 M Fe (3) specific solution and Dowex 50 resin were run in the
pH range 5.0 to 8.0. The results showed that the iron distribution coefficients
were very low so that essentially no iron was adsorbed on the resin in this
pH renge. The barium and strontium distribution coefficients, however, were very
high and decreased as the pH increased.

The use of 0.1 M Fe (3) specific im a Versene feed solution resulted in a
15% barium loss. The use of 0.01-0.05 M specific should be adeguate. It was
found that 13% less Versene was needed to dissolve the barium-lead sulfate cake
when the solution was 0.1 M in Fe (3) specific.

An*égg;g;;% of fresh resin was cleaned thoroughly with nitric acid, ashed,
and the residue analyzed for iron. The results showed that 34 ml of resin as

received from the menufacturer contains about 1 mg of iron in its structure.

Blution of Impurities

. v . . i .
Iron and chromium were found to be IE¥EX imreversible in the resin - Versene

. e sis - . R REE~
system. That is, when initially complezed by the Versene iron and chromium one

ot appreciably adsorbed on the resin. EHowever, their elution from the resin
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with Versene is inefficient. TFe (3) specific elutes iron quite readily
while lead and nickel are easily eluted with Versene.

Tlimination of Organic Color From the Product

The vroduct will undoubtedly contain a small amount of colored orgenic

material as a result of the decomposition of the resir by radiation. Experiments
Conl.

on synthetic color, produced by the action of eam. nitric acid and peroxide
on resin, show that the color can be eliminated by the use of 30% peroxide or
aque regia. However these processes are undesirable as the former forms in-
soluble barium oxides and the later presents ccrrosion problems. The use of
ozone or precipitation of the barium in 18 M nitric acid is being considered.
The precipitation would avoid +he evaporation step and offer additional impurity
decontamination.

Sodium Acetate As a Feed Buffer

Sodium acetate was considered as a feed buffering agent so that the
determination the pH of the "hot" feed would be eliminated. Treat runs, using
Versene feeds 0.5 M in sodium acetate, showed +that the column size would have

to be more than Boubled in order to achieve adegquate barium yields so that a

Versene Acetate feed is considered impractical at present.
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SUMMARY

I. Development of a One Column Versene Process

Development of & one column Versene process for the production of
radio barium on a 3000 curie level has been completed. This process elimi-
nates the metathesis step by dissolution of the sulfate cake in Versene.
Barium yields are at least 95% and are of adequate purity. The process
steps were outlined in the report ending March 10, 1950.

This process is not suitable, however, for production of 10,000 curies
where the amounts of barium and stromtium are much larger. The large amount
of Versene required to dissolve a 10,000 curie sulfate cake necessitated
the use of a resin column of unreasonable height for adsorbing the barium.
For production of 10,000 curies it is recommended that the bulk of the sul-

fate be removed by metathesis with pobtassium carbonate prior to the Versene

M (cont inued)
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process. Experiments, in which the solubility of barium, strontium and

lead sulfates in Versene as a function of Versene concentration, pH, and
sulfate concentration were determined, showed that the metathesis should
be approximately 99% complete to insure complete dissolution of the sul-

fate cake.

A new system is under investigation in an effort to eliminate
metathesis and still retain a reasonable resin column height. In this
system the Versene feed is passed through a nickel form resin bed. Since
the nickel-versene complex is much stronger than the verseme complexes of
barium and strontium, the nickel is preferentially complexed, leaving
barium and strontium free to adsorb on the resin. Laboratory runs are
being made for determination of critical column dimensions, pH ranges and

nickel concentrations.

IT. Elimination of Organic Color in the Product

It is possible that organic color will be present in the product
solution es the result of resin decomposition by radiation. If necessary,
these objectionable organic contaminants can be eliminated by evaporation
of the product solution to 2 liters (70% nitric acid) and addition of an
equal volume of 98% fuming nitric acid, bringing the solution to 85% nitrate.
By filtration, the soluble organic material is separated from the barium
nitrate precipitate, which is then dissolved in water. The barium obtained
by this method, using a synthetic product solution colored with resin decom-
position products, was free from orgenic color. The barium loss was 0.25%.
Aqua regia or 30% hydrogen peroxide were effective in destroying the color,
but the former presents corrosion problems and the latter forms insoluble
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oxides of barium. Results obtained with ozone were negligible.

ITI. Sodium Acetate as a Feed Buffer

Sodium acetate was considered as a feed buffering agent in
an effort to eliminete the adjustment of pH on the "hot" feed. Test
runs using Versene feeds 0.5 i in sodium acetate indicated that the
column size would have to be more than doubled in order to achieve
adequate barium yields, therefore a Versene Acetate feed is considsred

impractical at present.
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I. Development of a One Colupm Versene Process

Development of a one column Versene process for the production of 3000
to 5000 Curies of radio barium has been completed. This process, the steps
of which were outlined in the monthly report ending March 10, 1950, produces
product of adequate purity and in yields greater than 95%.

It was found that this process will need further development when applied
to the production of 10,000 curies since the amount of barium and strontium
will be increesed to approximately 2 gms. each. A much higher concentration
of Versene will be needed in the feed to hold the sulfetes in solution, which
in turn, will necessitate a larger resin colummn. FPreliminary experiments showed
that only a 20% yield was obtained when the column size was 36" x 4'.
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2.0 IElimination of Organic Color in the Product

It is possible that organic color will be present in the product solution
as the result of resin decomposition by radiation.

Consumer evaluation of a hot run will be necessary to settle the question
of the amount of organic and its harmful gqualities. The following method for
elimination of the organic material has been developed in case thils procedure
is necessary.

(1) Instead of evaporating the product solution (5 liter of 6 M nitric

acid) to dryness, it is evaporated to 2 liters.

(2) 2 liters of 98% fuming nitric acid are added, bringing the solution
to 85% nitrate. The solution is filtered and the precipitated barium
nitrate retained on the filter while the organic color passes through
in the solution.

(3) The precipitate is dissolved in water and drawn through the filter
Por final evaporation in the shipping can.

This process was tried and the results show thet when as much as 5 gms.

of dissolved resin were present, the barium loss was only 0.25% and the product
was free from colored organic material.

A demonstration of this procedure, in which the original product solution
was evaporated to 100 ml instead of 2 liters, resulted in a 50% product loss,
probably as barium sulfate.

A separate experiment, which might account for the difference in the
two procedures, showed that at least 20% of the BaSOh can be metathesized to
Ba(1\103)2 with 85% fuming nitric acid.

destroy
Ozone was tried in an effort to fExkmxy the organic color but produced

negligible results.
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SUMMARY

Development of a Nuckel-Versene Process

Vork is continuing on the development of the Nickel-Versene Process for
the purification of Balho by lon exchange where the meximum amount of barium
plus strontium is 4 gms. (10,000 curies). The use of a resin column in the
nickel form decreases greatly the size of resin columm necessary to adsorb
the barium. Since the nickel Versene complex is rmmuch stronger than the barium
complex, the latter complex is broken as the feed passes through the column
leaving the barium free to adsorb.

Two runs, in which no attempt was made to remove the sodium, yielded barium
product of adequate purlty with a yield in excess of 95%. Two subsequent runs,
which included sodium removal by hydrochloric acid elution, showed large barium
losses in the sodium waste. The use EX of a higher resin column has apparently
eliminated this loss, although final amalytical results are not yet available.

The tentative full scale conditions and process steps are as follows:

Column: Dowex 50 resin, 60-100 mesh,
L"x39" bed(measured in BT form)

Total process time: 19 hrs.

Flowrate: 0.7-1.2

TITY AT e e
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Process Steps:

(1) Convert Resin to nickel form with 0.25 M sodium citrate, 0.25M nickel,
at pH 2.3 (not included in process time)

(2) Dissolve the barium-lead sulfate cake in Versene at pH 6.5 and pass
through the resin bed followed by a water wash. The bulk of the nickel
and lead pass out in the waste effluent while the barium and strontium
are adsorbed.

(3) Elute the strontium and other impurities in pH 6.3, 0.07TM Versene.

(4) Flute the sodium in dilute hydrochloric acid.

(5) Elute the product in 6M nitric acid.

TR
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SUMMARY

I. Metathesis - Versene Process

The Metathesis - Versene Process has been chosen as the production process
for purification of radio-barium. Demonstration runs, designed to determine
the critical features of this process, showed that raising or lowering the
amount of lead in the Versene feed solution by 20% did not materially effect
the yield or purity of product. Tt was also found that there was no difficulty
in meeting the iron specification for product purity when the resin was pro-
perly cleaned prior to use. An order has been placed with Dow Chemical Co. to

supply C. P. resin free from iron and organic impurities.

TI. Nickel - Versene Process

The Nickel - Versene Process has been developed to simplify the Ra Ia

Process by replacing the metethesis and purification steps with a one-columm
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ion exchange process. This process has been designed to handle up to 4 grams
total of barium and strontium (15,000 curies). The lead-barium sulfate cake
is dissolved in Versene at pH &8 - 6.5 and passed through a resin column.

The use of a resin column in the nickel form greatly decreases the size of
column necessary to adsorb the berium. This effect is a result of the great
difference in the Versene complex constants of the nickel and barium. As the
feed passes through the column, the nickel is selectively eluted and complexed
by the Versene, leaving the barium free to adsorb.

Several runs heve shown barium yields in excess of 95%. The amounts of
impurities present in the product have been slightly over tolerance, however.
The process refinements in use on demonstration runs now in progress are ex-
pected to result in product of adequate purity.

The tentative full scale conditions and process steps are as follows:

Column: Dowex-50 resin, 60 - 100 mesh
4" x 45" bed (Measured in B+ form)

Total process time: 20 hours
Flow Rate: 0.7 - 1.2 ml/min/cm® column cross section

Process Steps:

(1) Convert resin to nickel form with 0.25 M sodium citrate, 0.25M
nickel, at pH 2.3 (not included in process time)

(2) Dissolve the barium-lead sulfate cake in Versene at pH 6.5 and
pass through the resin bed followed by a water wash. The bulk
of the nickel and lead pass out in the waste effluent while the
the barium and strontium are adsorbed.

(3) Elute the strontium and other impurities in pH 5.5 0.07M Versens.

(4) Elute the sodium in dilute hydrochloric acid.

(5) EBlute the product in 6M nitric acid.
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Solubility Studies

Graphs have been prepared showing the gsolubility of barium strontium
and lead sulfates in Versene as a function of pH, sulfate concentration
and barium, strontium and lead concentration.

Preparation of Pure Radio-Barium from MTR Agsemblies

Preliminary efforts are being directed toward selective dissolution
of the aluminum from the assemblies with a mixture of sodium hydroxide
(free from carbonate) and sodium nitrate. Such a procedure would decrease
the number of moles of material in process from approximately 164 to 1.

Two caustic leachings were performed on pile irradiated samples of
uranium - aluminum alloy clad with aluminum. The results show that 99%
of the total aluminum, corresponding to 96% of the alloy aluminum, was
dissolved, while 4% of the uranium and 2% of the barium was found in the
solution. Efforts in experiments now in progress are directed toward

reducing the amount of uranium lost.
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